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SECTION  A 

VOLATILE  COMPOUNDS  IN  AIR  USING  ACTIVATED  CHARCOAL  AND  TENAX 

SANPLING  TUBES 


UBTL  METHOD  DEVELOPED  FOR  NIOSH 


PROPOSED  METHOD 


Identification  of  Volatile  Compounds  in  Air  using  Activated  Charcoal  and 
Tenax  Sampling  Tubes. 

I.  Application:  This  method  is  designed  for  use  as  a  reconnaisance 
screening  tool.  The  charcoal  is  desorbed  with  dichloromethane;  and 
the  Tenax  is  desorbed  with  isooctane.  The  extracts  are  analyzed  by 
capillary  column  QC/MS  in  order  to  identify  unknown  compounds.  This 
method  is  not  certified. 

A .  Proposed  Concentration  Range:  N/ A 

B.  Sensitivity:  Response  should  be  ten  times  background  noise  or 
better  for  the  selected  ions. 

C .  Proposed  detection  limit:  N/A 

D.  Interferences:  Coeluting  compounds  with  similar  ions  could 
interfere  with  identification. 

E.  Analysis  Rate:  One  analyst  can  analyze  eight  samples  in  an 
eight  hour  day. 

II.  Chemistry 


A •  Nomenclature:  N/  A 

B.  Physical  and  Chemical  Properties:  N/A 
C  .  Chemical  Reactions:  N/A 

III.  Apparatus 

A.  Instrumentation:  Dupont  Model  DP-1.  GC/MS  equipped  with  a  fused 
silica  capillary  column. 

B.  Parameters :  Typical  parameters  are  listed  below.  They  may  be 
modified  to  accomodate  samples  from  different  locations. 

1.  Column:  30m  DB-5  fused  silica  programmed  from  40*C  to 
270°C. 

2.  PC  Conditions:  Injector  port  290°C;  source:  200°C;  helium 


carrier  gas. 


3 .  Injection  volume:  2itL 

4.  Retention  time:  N/A 


C .  Hardware/Glassware: 

1.  Di chi orome thane  and  isooctane,  Burdick  and  Jackson  pesticide 
grade  (or  equivalent). 

IV.  Standards:  N/A 


V.  Procedure 

The  charcoal  and  Tenax  are  desorbed  for  1  hour  with  occasional 
shaking  in  dichloromethane  and  isooctane,  respectively.  The 
instrument  is  tuned  to  DFTPP. 

Sufficiently  intense  unknown  peaks  (approximately  ten  per  sample  are 
anticipated)  will  be  tentatively  identified  by  computer  assisted 
comparison  to  the  NBS  mass  spectral  library.  The  report  will 
contain  a  calculated  value  which  reflects  the  reliability  of  the 
possible  matches.  The  mass  spectroscopists  judgement  of  high, 
moderate  or  low  probability  of  correct  assignment  will  also  be 
Included.  Hard  copy  mass  spectra  of  all  unknowns  will  be  provided 
with  the  report. 


SECTION  B 

INTERIM  METHOD  FOR  THE  DETERMINATION  OF  ASBESTOS 
IN  BULK  ISOLATION  SAMPLES 

EPA-600-M4-82-020,  DECEMBER  1982 


United  States 
Environmental  Protection 

Agency 


Environmental  Monitoring  Systems 
Laboratory 

Research  Triangle  Park  NC  27711 


Relta,ch  .nfl  EFA.M0/M4.82.Q20  Dec  1982 


Test  Method 

Interim  Method  for  the 
Determination  of  Asbestos  in 
Bulk  Insulation  Samples* 


1 .  Polarized  Light  Microscopy 


1.1  Principle  and  Applicability 
Bulk  samples  of  building  materials 
taken  for  asbestos  identification  are 
first  examined  for  homogeneity  and 
preliminary  fiber  identification  at  low 
magnification.  Positive  identification  of 
suspect  fibers  is  made  by  analysis  of 
subsamples  with  the  polarized  light 
microscope. 

The  principles  of  optical  mineralogy 
are  well  established  '*  A  light 
microscope  equipped  with  two 
polarizing  filters  is  used  to  observe 
specific  optical  characteristics  of  a 
sample.  The  use  of  plane  polarized 
light  allows  the  determination  of 
refractive  indices  along  specific 
crystallographic  axes  Morphology  and 
color  are  also  observed.  A  retardation 
plate  is  placed  in  the  polarized  light 
path  for  determination  of  the  sign  of 
elongation  using  orthoscopic 
illumination.  Orientation  of  the  two 
filters  such  that  their  vibration  planes 
are  perpendicular  (crossed  polars) 
allows  observation  of  the  birefringence 
and  extinction  characteristics  of 
anisotropic  particles. 

Quantitative  analysis  involves  the 
use  of  point  counting.  Point  counting  is 
a  standard  technique  in  petrography 
for  determining  the  relative  areas 
occupied  by  separate  minerals  in  thin 
sections  of  rock.  Background 
information  on  the  use  of  point 
counting*  and  the  interpretation  of 
point  count  data’  is  available. 

•An  intvrim  method  i*  careful*  drafted  from 
abl*  tour ci  information  Thu  method  a  will  under 
invewigllion  end  therefore  it  wibjict  to  revision. 


This  method  is  applicable  to  all  bulk 
samples  of  friable  insulation  materials 
submitted  for  identification  and 
quantitation  of  asbestos  components. 

1.2  Range 

The  point  counting  method  may  be 
used  for  analysis  of  samples 
containing  from  0  to  1 00  percent 
asbestos  The  upper  detection  limit  is 
100  percent  The  lower  detection  limit 
is  less  than  1  percent. 

1 .3  Interferences 

Fibrous  organic  and  inorganic 
constituents  of  bulk  camples  may 
interfere  with  the  identification  and 
quantitation  of  the  asbestos  mineral 
content.  Spray-on  binder  materials 
may  coat  fibers  and  affect  color  or 
obscure  optical  characteristics  to  the 
extent  of  masking  fiber  identity.  Fine 
particles  of  other  materials  may  also 
adhere  to  fibers  to  an  extent  sufficient 
to  cause  confusion  in  identification. 
Procedures  that  may  be  used  for  the 
removal  of  interferences  sre  presented 
in  Section  1. 7.2.2. 

1 .4  Precision  and  Accui  acy 
Adequate  data  for  measuring  the 

accuracy  and  precision  of  the  method 
for  samples  with  various  matrices  are 
not  currently  available.  Data  obtained 
for  samples  containing  a  single 
asbestos  type  in  a  simple  matrix  are 
available  in  the  EPA  report  Bulk 
Simple  Analysis  for  Asbestos  Content: 
Evaluation  of  the  Tentative  Method 

1.5  Apparatus 

1.5.1  Sample  Analysis 
A  low-power  binocular  microscope, 
preferably  stereoscopic,  is  used  to 


examine  the  bulk  insulation  sample  as 
received 

•  Microscope:  binocular,  10-45X 
(approximate) 

•  Light  Source:  incandescent  or 
fluorescent 

•  Forceps.  Dissecting  Needles,  and 
Probes 

9  Classine  Paper  or  Clean  Class 
Plate 

Compound  microscope 
requirements  A  polarized  light 
microscope  complete  with  polarizer, 
analyzer,  port  for  wave  retardation 
plate,  360°  graduated  rotating  stage, 
substage  condenser,  lamp,  and  lamp 
iris. 

•  Polarized  Light 
Microscope:  described  above 

•  Objective  Lenses:  10X.  20X.  and 
40X  or  near  equivalent 

•  Dispersion  Staining  Objective  Lens 
(optional) 

•  Ocular  Lens:  10X  minimum 

•  Eyepiece  Reticle:  cross  hair  or  25 
point  Chalkley  Point  Array 

•  Compensator  Plate:  550  milli¬ 
micron  retardation 

1 .5.2  Sample  Preparation 
Sample  preparation  apparatus 
requirements  will  depend  upon  the 
type  of  insulation  sample  under 
consideration.  Various  physical  and/or 
chemical  means  may  be  employed  for 
an  adequate  sample  assessment. 

•  Ventilated  Hood  or  negative 
pressure  glove  box 

•  Microscope  Slides 
9  Coverslips 

9  Mortar  and  Pestle:  agate  or 
porcelain  (optional) 

9  Wylie  Mill  (optional) 

•  Beakers  &  assorted  glassware 
(optional) 

•  Centrifuge  (optional) 

•  filtration  apparatus  (optional) 

•  Low  temperature  asher  (optional) 

1 .6  Reagents 

1.6.1  Sample  Preparation 
9  Distilled  Water  (optional) 

•  Dilute  CHtCOOH :  ACS  reagent 
grade  (optional) 

•  Dilute  HCl  ACS  reagent  grade 
(optional) 

•  Sodium  metaphosphate  (NaPOj)* 
(optional) 

1.6.2  Analytical  Reagents 

•  Refractive  Index  Liquids:  1  .490- 
1.570,  1.590-1.720  in  increments 
of  0  002  or  0.004 

•  Refractive  Index  Liquids  for 
Dispersion  Staining:  high- 
dispersion  series.  1.550. 1.605, 
1.630  (optional) 

•  U/CC  Asbestos  Reference  Sample 
Set:  Available  from:  UICC  MRC 


Pneumoconiosis  Unit.  Llandotiph 
Hospital.  Ponnrth.  GLimnignn  CFG 
1XW,  UK,  and  commercial 
distributors 

9  Tremotite-asbestos  (source  to  be 
determined) 

•  Actmofite  asbestos  (source  to  be 
determined) 

1 .7  Procedures 

Note  Exposure  to  airborne  asbestos 
libers  is  a  health  hazard  Bulk  samples 
submitted  for  analysis  are  usually 
friable  and  may  release  fibers  during 
handling  or  matrix  reduction  steps  All 
sample  and  slide  preparations  should 
be  carried  out  in  a  ventilated  hood  or 
glove  box  with  continuous  airflow 
(negative  pressure).  Handling  of 
samples  without  these  precautions 
may  result  in  exposure  of  the  analyst 
and  contamination  of  samples  by 
airborne  fibers. 

1.7.1  Sampling 

Samples  lor  analysis  of  asbestos 
content  shall  be  taken  in  the  manner 
prescribed  in  Reference  5  and 
information  on  design  of  sampling  and 
analysis  programs  may  be  found  in 
Reference  6  If  there  are  any  questions 
about  the  representative  nature  of  the 
sample,  another  sample  should  be 
requested  before  proceeding  with  the 
analysis. 

1.7.2  Analysis 

1. 7.2. 1  Cross  Examination 

Bulk  samples  of  building  materials 
taken  for  the  identification  and 
quantitation  of  asbestos  are  first 
examined  for  homogeneity  at  low 
magnification  with  the  aid  of  a 
stereomicroscope  The  core  sample 
may  be  examined  in  its  container  or 
carefully  removed  from  the  container 
onto  a  glassine  transfer  paper  or  clean 
glass  plate  If  possible,  note  is  made  of 
the  orientation  of  top  and  bottom 
surfaces  When  discrete  strata  are 
identified,  each  is  treated  as  a  separate 
material  so  that  fibers  are  first  identified 
and  quantified  in  that  layer  only,  and 
then  the  results  for  esch  layer  are 
combined  to  yield  an  estimate  of 
asbestos  content  for  the  whole  sample. 

1. 7.2.2  Sample  Preparation 

Bulk  materials  submitted  lor 

asbestos  analysis  involve  a  wide 
variety  of  matrix  materials. 
Representative  subsamples  may  not  be 
readily  obtainable  by  simple  means  in 
heterogeneous  materials,  and  various 
steps  may  be  required  to  alleviate  the 
difficulties  encountered.  In  most  cases, 
however,  the  best  preparation  is  made 
by  using  forceps  to  sample  at  several 
places  from  the  bulk  material.  Forcep 
samples  are  immersed  in  a  refractive 
index  liquid  on  a  microscope  slide. 


teased  apart,  covered  with  a  cover 
glass,  and  observed  with  the  polan/ed 
light  micioscope 

Alternatively,  attempts  may  be  made 
to  homogenize  the  sample  or  eliminate 
interferences  before  further 
characterization.  The  selection  of 
appropriate  procedures  is  dependent 
upon  the  samples  encountered  and 
personal  preference  The  following  are 
presented  as  possible  sample 
preparation  steps 

A  mortar  and  pestle  can  sometimes 
be  used  in  the  size  reduction  of  soft  or 
loosely  bound  materials,though  this 
may  cause  matting  of  some  samples. 
Such  samples  may  be  reduced  in  a 
Wiley  mill.  Apparatus  should  be  clean 
and  extreme  care  exercised  to  avoid 
cross-contamination  of  samples 
Periodic  checks  of  the  particle  sizes 
should  be  made  during  the  grinding 
operation  so  as  to  preserve  any  fiber 
bundles  present  in  an  identifiable 
form  These  procedures  are  not 
recommended  for  samples  that  contain 
amphibole  minerals  or  vermiculite. 
Grinding  of  amphiboles  may  result  in 
the  separation  of  fiber  bundles  or  the 
production  of  cleavage  fragments  that 
have  aspect  ratios  greater  than  3  1  and 
will  be  classified  as  asbestos  fibers. 
Grinding  of  vermiculite  may  also 
produce  fragments  with  aspect  ratios 
greater  than  3:1. 

Acid  treatment  may  occasionally  be 
required  to  eliminate  interferences. 
Calcium  carbonate,  gypsum,  and 
bassanite  (plaster)  are  frequently 
present  in  sprayed  or  trowelled 
insulations  These  materials  may  be 
removed  by  treatment  with  warm 
dilute  acetic  acid  Warm  dilute 
hydrochloric  acid  may  also  be  used  to 
remove  the  above  materials  If  acid 
treatment  is  required,  wash  the 
sample  at  least  twice  with  distilled 
water,  being  careful  not  to  lose  the 
particulates  during  decanting  steps. 
Centrifugation  or  filtration  of  the 
suspension  will  prevent  significant 
fiber  loss.  The  pore  size  of  the  filter 
should  be  0  45  micron  or  less 
Caution:  prolonged  acid  contact  with 
the  sample  may  alter  the  optical 
characteristics  of  chrysotile  fibers  and 
should  be  avoided. 

Coatings  and  binding  materials 
adhering  to  fiber  surfaces  may  also  be 
removed  by  treatment  with  sodium 
metaphosphate.7  Add  10  mL  of  10  g/L 
sodium  metaphosphate  solution  to  a 
smalt  (0.1  to  0.5  mL)  sample  of  bulk 
material  in  a  15-mL  glass  centrifuge 
tube.  For  approximately  15  seconds 
each,  stir  the  mixture  on  a  vortex 
mixer,  place  in  an  ultrasonic  bath  and 
then  shake  by  hand.  Repeat  the  series 
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Collect  th r  disporsori  solids  by 
centnlugotion  ni  1000  rpm  for  5 
minutes.  Wash  the  sample  three  times 
by  suspending  in  10  mL  distilled  water 
and  recentrifuging  After  washing, 
resuspend  the  pellet  in  5  mL  distilled 
water,  place  a  drop  of  the  suspension 
on  a  microscope  slide,  and  dry  the 
slide  at  110°C 

In  samples  with  a  large  portion  ot 
cellulosic  or  Other  organic  fibers,  it 
may  be  useful  to  ash  part  of  the 
sample  and  examine  the  residue 
Ashing  should  be  performed  in  a  low 
temperature  asher.  Ashing  may  also 
be  performed  in  a  muffle  furnace  Bt 
temperatures  of  500°C  or  lower. 
Temperatures  cf  550°C  or  higher  will 
cause  dehydroxylation  of  the  asbestos 
minerals,  resulting  in  changes  of  the 
refractive  index  and  other  key 
parameters  If  a  muffle  furnace  is  to  be 
used,  the  furnace  thermostat  should 
be  checked  and  calibrated  to  ensure 
that  samples  will  not  be  heated  at 
temperatures  greater  than  500°C. 

Ashing  and  acid  treatment  of 
samples  should  not  be  used  as 
standard  procedures  In  order  to 
monitor  possible  changes  in  fiber 
characteristics,  the  material  should  be 
viewed  microscopically  before  and 
after  any  sample  preparation 
procedure.  Use  of  these  procedures  on 
samples  to  be  used  for  quantitation 
requires  a  correction  for  percent 
weight  loss. 

1.7.2 .3  Fiber  identification 
Positive  identification  of  asbestos 
requires  the  determination  of  the 
following  optical  properties. 

•  Morphology 

•  Color  and  pleochroism 

•  Refractive  indices 

•  Birefringence 

•  Extinction  characteristics 

•  Sign  of  elongation 

Table  1-1  lists  the  above  properties  for 
commercial  asbestos  fibers  Figure  1-1 
presents  a  flow  diagram  of  the 
examination  procedure  Natural 
variations  in  the  conditions  under 
which  deposits  of  asbestiform 
minerals  are  formed  will  produce 
exceptions  to  the  published  values  and 
differences  from  the  UICC  standards 
The  sign  of  elongation  is  determined  by 
use  of  the  compensator  plate  and 
crossed  polars  Refractive  indices  may 
be  determined  by  the  Becke  line  test 
Alternatively,  dispersion  staining  may 
be  used  Inexperienced  operators  may 
find  that  the  dispersion  staining 
technique  is  more  easily  learned,  and 
should  consult  Reference  9  for 
guidance.  Central  stop  dispersion 
staining  colors  are  presented  in  Table 


1?  Available  lut|h  dispersion  (HD) 
liquids  should  be  i|S,-'<l 

1. 7.2.4  Quantitation  of  Asbestos 
Content 

Asbestos  quantitation  is  performed 
by  a  point-counting  procedure  An 
ocular  reticle  (cross-hair  or  point  array) 
is  used  to  visually  superimpose  a  point 
or  points  on  the  microscope  field  of 
view  Record  the  number  of  points 
positioned  directly  above  each  kind  of 
particle  or  fiber  of  interest.  Score  only 
points  directly  over  asbestos  fibers  or 
nonasbestos  matrix  material  Do  not 
score  empty  points  for  the  closest 
particle  If  an  asbestos  fiber  and  a 
matrix  particle  overlap  so  that  a  point 
is  superimposed  on  their  visual 
intersection,  a  point  is  scored  for  both 
categories  Point  counting  provides  a 
determination  of  the  area  percent 
asbestos.  Reliable  conversion  of  area 
percent  to  percent  of  dry  weight  is  not 
currently  feasible  unless  the  specific 
gravities  and  relative  volumes  of  the 
materials  are  known. 

For  the  purpose  of  this  method, 
"asbestos  fibers"  are  defined  as 
having  an  aspect  ratio  greater  than  3:1 
and  being  positively  identified  as  one 
of  the  minerals  in  Table  1  - 1 
A  total  of  400  points  superimposed 
on  either  asbestos  fibers  or 
nonasbestos  matrix  materia!  must  be 
counted  over  at  least  eight  different 
preparations  of  representative 
subsamples.  Take  eight  forcep  samples 
and  mount  each  separately  with  the 
appropriate  refractive  index  liquid.  The 
preparation  should  not  be  heavily 
loaded  The  sample  should  be 
uniformly  dispersed  to  avoid 
overlapping  particles  and  allow  25-50 
percent  empty  area  within  the  fields  of 
view.  Count  50  nonempty  points  on 
each  preparation,  using  either 

•  A  cross-hair  reticle  and  mechanical 
stage;  or 

•  A  reticle  with  25  points  (Chalkley 
Point  Array)  and  counting  at  least  2 
randomly  selected  fields. 

For  samples  with  mixtures  of  isotropic 
end  anisotropic  materials  present, 
viewing  the  sample  with  slightly 
uncrossed  polars  or  the  addition  of  the 
compensator  plate  to  the  plane  polarized 
light  path  will  allow  simultaneous 
discrimination  of  both  particle  types. 
Quantitation  should  be  performed  at 
100X  or  at  the  lowest  magnification  of 
the  polarized  light  microscope  that  can 
effectively  distinguish  the  sample 
components.  Confirmation  of  the 
quantitation  result  by  a  second  analyst 
on  some  percentage  of  analyzed 
samples  should  be  used  as  standard 
quality  control  procedure. 


The  percent  asbestos  is  calculated 
as  follows 

%  asbestos  =  (a/n)  100% 

where 

a  =  number  of  asbestos  counts, 
n  =  number  of  nonempty  points 
counted  (400). 

If  a  =  0,  report  "No  asbestos 
detected."  If  0  <  a  <  3.  report  "<1% 
asbestos  " 

The  value  reported  should  be 
rounded  to  the  nearest  percent. 
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Table  1-1.  Optica!  properties  of  asbestos  libers 


Mineral 


Morphology, 
color ' 


Retractive  indices'1  Bire- 

a  y  fringe  nee  Extinction 


Chrysotile 
( asbestilorm 
serpentine j 


Amosite 

fasbestiform 

grunerite) 


Crocidohte 
(asbestilorm 
riebeckite j 


Anthophyllite- 

asbestos 


Wavy  fibers  Fiber  bundles  1 .493-1 .560 
have  splayed  ends  and  "kinks". 

Aspect  ratio  typically  >10. 1 
Colorless J,  nonpleochroic 


1  517  1  562 *  002  \\to  fiber 

(normally  .014  length 

1.556 J 


Straight,  rigid  fibers 
Aspect  ratio  typically  '■ 10  1 
Colorless  to  brown,  nonpleo¬ 
chroic  or  weakly  so  Opaque 
inclusions  may  be  present 


1  635-1 .696  1.655  1  729c  . 020 ■  033  i|fo  fiber 
(normally  length 

1.696-1.710) 


Straight,  rigid  fibers 
Thick  fibers  and  bundles 
common,  blue  to  purple  -blue  in 
color  P/eochroic  Birefringence 
is  generally  masked  by  blue  color. 


1.654-1.701  1.668-1  717 s  .014-.016  \\to  fiber 
(normally  length 

close  to  1.700) 


Straight,  single  fibers.  1.596-1.652  1.615-1676'  .019-024  m  fiber 

some  larger  composite  9 

libers  Anthrophyllite  cleavage 

fragments  may  be  present  with 

aspect  ratios  «  10  1 4  Colorless 

to  light  brown 


Sign  of 
elongation 


4 

(length  slow) 


4 

(length  slow) 


(length  fast) 


-f 

(length  slow) 


Tremolite- 

actmolite 

asbestos 


Tremohte-asbestos  may  be  1.599-1 .668 
present  as  single  or  composite 
fibers  Tremohte  cleavage 
fragments  may  be  present  as 
single  crystals  with  aspect  ratios 
«  10.1  4  Colorless  lo  pale  green 


1  622-1  688s  .023-  020  Oblique  extinction. 

10-20°  for 
fragments. 
Composite  fibers 
show  Hextinction 


4- 

(length  slow) 


’  From  reference  5.  colors  cited  are  seen  by  observation 
with  plane  polarized  light 
3  From  references  5  and  8 
3  Fibers  subjected  to  heating  may  be  brownish 


4  Fibers  defined  as  having  aspect  ratio  >3  1 
s  x  fo  fiber  length 
*  1 1  to  fiber  length. 


Table  1-2.  Central  stop  dispersion  staining  colors  * 


Mineral 

Ftl  Liquid 

X 

li 

Chrysotile 

1.550*° 

Blue 

Blue-magenta 

", Amosite " 

1.680 

Blue-magenta 
to  pale  blue 

Golden-yellow 

1.550*° 

Yellow  to 
white 

Yellow  to  white 

Crocidohte 6 

1.700 

Red  magenta 

Blue-magenta 

1.550*° 

Yellow  to 
white 

Yellow  to  white 

Anthophyllite- 

asbestos 

1.605*° 

Blue 

Cold  to 
gold-magenta 

Tremohte- 

asbestos 

1.605*°* 

Pale  blue 

Yellow 

Actinohte- 

1.605*° 

Cold-magenta 

Cold 

asbestos 

to  blue 

1.630*°* 

Magenta 

Golden-yellow 

•from  reference  9.  colors  may  vary  slightly 
*Btue  absorption  color. 
cOblique  extinction  view. 
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Mm, .-mull 

srsaws»»  - — 


Fibers 

present 


Fibers 

absent 

Examine  two  additional  prepared  slides  at  100X 


•  Fibers  present 


Fibers  are  isotropic  (disappear  at  all 
angles  of  stage  rotation  with  crossed 
polarsl 

Possible  fibers  include: 

Fiberglass:  1  -20  pm  uniform  diameter 

Rl  typically  <  1  S3 
Mineral  wool:  8-200  pm  diameter. 

bulbous  ends  and  shot 
Rl  typically  >  1  S3 


Fibers  are  anisotropic  (exhibit 
extinction  at  90 0  intervals  of 
stage  rotation ) 


1 .  Determine  extinction  characteristics 

2.  Determine  sign  of  elongation. 


Fibers  absent 

l 

Examination  complete. 
Report  no  asbestos 
present. 


Positive 


n  -  1.550 
Determine  n 

Check  morphology  for  chrysolite 
If  fibers  are  twisted  and  exhibit 
internal  details,  cellulose  is  indicated 


All  n's  >  1.S50 

i 

n-  1.680 
Determine  n. 
Check  morphology 
for  "am o site". 


Negative 

i 

Mount  in  1.700  Rl  liquid. 

_  , ,  ■ .  Determine  n. 

*  Mount  in  1.680  Rl  liquid  c#wdk  morphologY  for 

l  crocidohte 

All  n's  <  1.680 

Mount  in  1.605  Rl  liquid 
Determine  n. 

Check  morphology  and 
characteristics  for  anthophylhte-asbestos, 
tremohie-actinolite-asbestos 


Figure  1-1.  Flow  chart  for  qualitative  analysis  of  bulk  samples  by  polarized  light  microscopy 
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2.  X-Ray  Powder  Diffraction 


2.1  Principle  and  Applicability 
The  principle  of  X-ray  powder 
diffraction  (XRD)  analysis  is  well 
•stablished .’•*  Any  solid,  crystalline 
material  will  diffract  an  impjngent 
beam  of  parallel,  monochromatic  X- 
rays  whenever  Bragg's  Law. 

A  -  2d  sin  ft, 

is  satisfied  for  a  particular  set  of 
planes  in  the  crystal  lattice,  where 

A  *  the  X-ray  wavelength,  A; 
d  =  the  interplanar  spacings  of  the 
set  of  reflecting  lattice  planes.  A, 
and 

ft  =  the  angle  of  incidence  between 
the  X-ray  beam  and  the  reflecting 
lattice  planes. 

By  appropriate  orientation  of  a  sample 
relative  to  the  incident  X-ray  beam,  a 
diffraction  pattern  can  be  generated 
that,  in  most  cases,  will  be  uniquely 
characteristic  of  both  the  chemical 
composition  and  structure  of  the 
crystalline  phases  present. 

Unlike  optical  methods  of  analysis, 
however,  XRD  cannot  determine 
crystal  morphology.  Therefore,  in 
asbestos  analysis.  XRD  does  not 
distinguish  between  fibrous  and 
nonfibrous  forms  of  the  serpentine  and 
amphibole  minerals  (Table  2-1 ). 
However,  when  used  in  conjunction 
with  optical  methods  such  as  polarized 
light  microscopy  (PLM).  XRD 
techniques  can  provide  a  reliable 
analytical  method  for  the  identification 
and  characterization  of  asbestiform 
minerals  in  bulk  materials. 

For  qualitative  analysis  by  XRD 
methods,  samples  are  initially  scanned 
over  limited  diagnostic  peak  regions 
for  the  serpentine  (—7.4  A)  and 
amphibole  (8.2-8. 5  A)  minerals  (Table 
2-2).  Standard  slow-scanning  methods 
for  bulk  sample  analysis  may  be  used 
for  materials  shown  by  PLM  to  contain 
significant  amounts  of  asbestos  (>5- 
10  percent).  Detection  of  minor  or 
-trace  amounts  of  asbestos  may  require 
special  sample  preparation  and  step¬ 
scanning  analysis.  All  samples  that 
exhibit  diffraction  peaks  in  the 
diagnostic  regions  for  asbestiform 
minerals  are  submitted  to  a  full  (5°- 
60°  2ft  1  °  2ft/min)  qualitative  XRD 
scan,  and  their  diffraction  patterns  sre 
compared  with  standard  reference 
powder  diffraction  patterns*  to  verify 
initial  peak  assignments  and  to  identify 
possible  matrix  interferences  when 


subsequent  quantitative  analysis  will 
be  performed 

Accurate  quantitative  analysis  of 
asbestos  in  bulk  samples  by  XRD  is 
critically  dependent  on  particle  size 
distribution,  crystallite  size,  preferred 
orientation  and  matrix  absorption 
effects,  and  comparability  of  standard 
reference  and  sample  materials  The 
most  intense  diffraction  peak  that  has 
been  shown  to  be  free  from 
interference  by  prior  qualitative  XRD 
analysis  is  selected  for  quantitation  of 
each  asbestiform  mineral  A  "thin- 
layer"  method  of  analysis*'*  is 
recommended  in  which,  subsequent  to 
comminution  of  the  bulk  material  to 
— 10  pm  by  suitable  cryogenic  milling 
techniques,  an  accurately  known 
amount  of  the  sample  is  deposited  on 
a  silver  membrane  filter.  The  mass  of 
asbestiform  material  is  determined  by 
measuring  the  integrated  area  of  the 
selected  diffraction  peak  using  a  step- 
scanning  mode,  correcting  for  matrix 
absorption  effects,  and  comparing  with 
Suitable  calibration  standards 
Alternative  "thick-layer"  or  bulk 
methods.7'*  may  be  used  for 
temiquantitative  analysis. 

This  XRD  method  is  applicable  as  a 
confirmatory  method  for  identification 
and  quantitation  of  asbestos  in  bulk 
material  samples  that  have  undergone 
prior  analysis  by  PLM  or  other  optical 
methods. 

2.2  Range  and  Sensitivity 

The  range  of  the  method  has  not 
been  determined. 

The  sensitivity  of  the  method  has 
not  been  determined.  It  will  be 
variable  and  dependent  upon  many 
factors,  including  matrix  effects 
(absorption  and  interferences), 
diagnostic  reflections  selected, 
and  their  relative  intensities 

2.3  Limitations 

2.3. 1  interferences 
Since  the  fibrous  and  nonfibrous 
forms  of  the  serpentine  and  amphibole 
minerals  (Table  2-1)  are  indistinguish¬ 
able  by  XRD  techniques  unless  special 
sample  preparation  techniques  and 
instrumentation  are  used.*  the 
presence  of  nonasbestiform 
serpentines  and  amphiboles  in  a 
sample  will  pose  severe  interference 
problems  in  the  identification  and 
quantitative  analysis  of  their  asbesti¬ 
form  analogs. 

e 


The  use  of  XRD  for  identification  and 
quantitation  of  asbestiform  minerals  in 
bulk  samples  may  also  be  limited  by 
the  presence  of  other  interfering 
materials  in  the  sample  For  naturally 
occurring  materials  the  commonly 
associated  asbestos-related  mineral 
interferences  can  usually  be 
anticipated  However,  for  fabricated 
materials  the  nature  of  the  interfer¬ 
ences  may  vary  greatly  (Table  2-3)  and 
present  more  serious  problems  in 
identification  and  quantitation.10 
Potential  interferences  are 
summarized  in  Table  2-4  and  include 
the  following 

•  Chlorite  has  major  peaks  at  7.1 9  A 
and  3.58  A  that  interfere  with  both 
the  primary  (7.36  A)  and  secondary 
(3.66  A)  peaks  for  chrysotile. 
Resolution  of  the  primary  peak  to 
give  good  quantitative  results  may 
be  possible  when  a  step-scanning 
mode  of  operation  is  employed 

•  Halloysite  has  a  peak  at  3.63  A  that 
interferes  with  the  secondary  (3.66 
A)  peak  for  chrysotile. 

•  Kaolinite  has  a  major  peak  at  7.1 5 
A  that  may  interfere  with  the 
primary  peak  of  chrysotile  at  7.36 
A  when  present  at  concentrations 
of  >10  percent.  However,  the 
secondary  chrysotile  peak  at  3.66 
A  may  be  used  for  quantitation. 

•  Gypsum  has  a  major  peak  at  7.5  A 
that  overlaps  the  7.36  A  peak  of 
chrysotile  when  present  as  a  major 
sample  constituent.  This  msy  be 
removed  by  careful  washing  with 
distilled  water,  or  by  heating  to 
300eC  to  convert  gypsum  to  plaster 
of  paris. 

•  Cellulose  has  a  broad  peak  that 
partially  overlaps  the  secondary 
(3.66  A)  chrysotile  peak.* 

•  Overlap  of  major  diagnostic  peaks 
of  the  amphibole  asbestos 
minerals,  amosite.  anthophyllite. 
crocidotite,  and  tremolite.  at 
approximately  8.3  A  and  3  1  A 
causes  mutual  interference  when 
these  minerals  occur  in  the 
presence  of  one  another.  In  come 
instances  adequate  resolution  may 
be  attained  by  using  step-scanning 
methods  and/or  by  decreasing  the 
collimator  slit  width  at  the  X-ray 
port. 

•  Carbonates  may  also  interfere  with 
quantitative  analysis  of  the  amphi¬ 
bole  asbestos  minerals,  amosite. 


anthophyllite.  erocidolite,  and 
tremolite  Calcium  carbonate 
(CaCO»)  has  a  peak  at  3  035  A  that 
overlaps  major  amphibole  peaks  at 
approximately  3.1  A  when  present 
in  concentrations  of  >5  percent. 
Removal  of  carbonates  with  a 
dilute  acid  wash  is  possible; 
however,  if  present,  chrysotile  may 
be  partially  dissolved  by  this 
treat  me  nt.” 

•  A  major  talc  peak  at  3.1 2  A  inter¬ 
feres  with  the  primary  tremolite 
peak  at  this  same  position  and  with 
secondary  peaks  of  erocidolite 
(3  10  A),  amosite  (3.06  A),  and 
anthophyllite  (3  05  A)  In  the 
presence  of  talc,  the  major 
diagnostic  peak  at  approximately 
8  3  A  should  be  used  for 
quantitation  of  these  asbestiform 
minerals. 

The  problem  of  intraspecies  and 
matrix  interferences  is  further 
aggravated  by  the  variability  of  the 
silicate  mineral  powder  diffraction 
patterns  themselves,  which  often 
makes  definitive  identification  of  the 
asbestos  minerals  by  comparison  with 
standard  reference  diffraction  patterns 
difficult  This  variability  results  from 
alterations  in  the  crystal  lattice 
associated  with  differences  in 
isomorphous  substitution  and  degree 
of  crystallinity.  This  is  especially  true 
for  the  amphiboles.  These  minerals 
exhibit  a  wide  variety  of  very  similar 
chemical  compositions,  with  the  result 
being  that  their  diffraction  patterns  are 
characterized  by  having  major  (110) 
reflections  of  the  monoclinic 
amphiboles  and  (210)  reflections  of  the 
orthorhombic  anthophyllite  separated 
by  less  than  0.2  A.’1 

2.3.2  Matrix  E f facts 
If  a  copper  X-ray  source  is  used,  the 
presence  of  iron  at  high 
concentrations  in  a  sample  will  result 
in  significant  X-ray  fluorescence, 
leading  to  loss  of  peak  intensity 
with  increased  background  intensity 
and  an  overall  decrease  in  sensitivity. 
This  situation  may  be  corrected  by 
use  of  an  X-ray  source  other  than 
copper;  however,  this  is  often  accom¬ 
panied  both  by  loss  of  intensity  and  by 
decreased  resolution  of  closely  spaced 
reflections.  Alternatively,  use  of  a 
diffracted  beam  monochromator  will 
reduce  background  fluorescent 
radiation,  enabling  weaker  diffraction 
peaks  to  be  detected. 

X-ray  absorption  by  the  sample 
matrix  will  result  in  overall  attenuation 
of  the  diffracted  beam  and  may 
seriously  interfere  with  quantitative 
analysis.  Absorption  effects  may  be 


minimized  by  using  sufficiently  "thin" 
samples  for  analysis* 7* 74  However, 
unless  absorption  effects  are  known  to 
be  the  same  for  both  samples  and 
standards,  appropriate  corrections 
should  be  made  by  referencing 
diagnostic  peak  areas  to  an  internal 
Standard7  *  or  filter  substrate  (Ag) 
peak  ** 

2.3.3  Particle  Sira  Dapandence 

Because  the  intensity  of  diffracted 

X-radiation  is  particle-size  dependent, 
it  is  essential  for  accurate  quantitative 
analysis  that  both  sample  and 
standard  reference  materials  have 
similar  particle  size  distributions.  The 
optimum  particle  size  (i.e .,  fiber  length) 
range  for  quantitative  analysis  of 
asbestos  by  XRD  has  been  reported  to 
be  1  to  10  pm  18  Comparability  of 
sample  and  standard  reference  material 
panicle  size  distributions  should  be 
verified  by  optical  microscopy  (or 
another  suitable  method)  prior  to  analysis. 

2.3.4  Prafarrad  Oriantation  Effacts 

Preferred  orientation  of  asbestiform 

minerals  during  sample  preparation 
often  poses  a  serious  problem  in 
quantitative  analysis  by  XRD  A 
number  of  techniques  have  been 
developed  for  reducing  preferred 
orientation  effects  in  "thick  layer" 
samples7*7*  For  "thin"  samples 
on  membrane  filters,  the  preferred 
orientation  effects  seem  to  be  both 
reproducible  and  favorable  to 
enhancement  of  the  principal  diagnostic 
reflections  of  asbestos  minerals, 
actually  increasing  the  overall  sensitivity 
of  the  method  'V4  However,  further 
investigation  into  preferred  orientation 
effects  in  both  thin  layer  and  bulk 
samples  is  required. 

2.3.5  Lack  of  Suitably 
Characterized  Standard  Materials 

The  problem  of  obtaining  and 
characterizing  suitable  reference 
materials  for  asbestos  analysis  is 
clearly  recognized.  NIOSH  has  recently 
directed  a  major  research  effort  toward 
the  preparation  and  characterization  of 
analytical  reference  materials, 
including  asbestos  standards;7*77 
however,  these  are  not  available  in 
large  quantities  for  routine  analysis. 

In  addition,  the  problem  of  ensuring 
the  comparability  of  standard 
reference  and  sample  materials, 
particularly  regarding  crystallite  size, 
particle  size  distribution,  and  degree  of 
crystallinity,  has  yet  to  be  adequately 
addressed  For  example.  Langer  et  al.7* 
have  observed  that  in  insulating 
matrices,  chrysotile  tends  to  break 
open  into  bundles  more  frequently 
than  amphiboles.  This  results  in  a  line- 
broadening  effect  with  a  resultant 


decrease  in  sensitivity  Unless  this 
effect  is  the  same  for  both  standard 
and  sample  materials,  the  amount  of 
chrysotile  in  the  sample  will  be  under¬ 
estimated  by  XRD  analysis  To 
minimize  this  problem,  it  is 
recommended  that  standardized  matrix 
reduction  procedures  be  used  for  both 
sample  and  standard  materials. 

2.4  Precision  and  Accuracy 
Precision  of  the  method  has  not 

been  determined. 

Accuracy  of  the  method  has  not 
been  determined. 

2.5  Apparatus 

2.S.  1  Sample  Preparation 
Sample  preparation  apparatus 
requirements  will  depend  upon  the 
sample  type  under  consideration  and 
the  kind  of  XRD  analysis  to  be 
performed. 

•  Mortar  and  Pestle  Agate  or 
porcelain 

•  Razor  Blades 

•  Sample  Mill:  SPEX.  Inc.,  freezer 
mill  or  equivalent 

•  Bulk  Sample  Holders 

•  Silver  Membrane  Filters:  25-mm 
diameter.  0.45-//m  pore  size  Selas 
Corp.  of  America.  Flotronics  Dtv., 
1957  Pioneer  Road.  Huntington 
Valley.  PA  19006 

•  Microscope  Slides 

m  Vacuum  Filtration  Apparatus 
Gelman  No.  1107  or  equivalent, 
and  side-arm  vacuum  flask 

•  Microbalance 

•  Ultrasonic  Bath  or  Probe  Model 
W140.  Ultrasonics.  Inc.,  operated 
at  a  power  density  of  approximately 
01  W/mL.  or  equivalent 

•  Volumetric  Flasks:  1  -L  volume 

•  Assorted  Pipe t 

•  Pipet  Bulb 

•  Nonserrated  Forceps 

•  Polyethylene  Wash  Bottle 

•  Pyrex  Beakers:  50-mL  volume 

•  Desiccator 

•  Filter  Storage  Cassettes 

•  Magnetic  Stirring  Plate  and  Bars 

•  Porcelain  Crucibles 

•  Muffle  Furnace  or  Low  Temprature 
Asher 

2.5.2  Sample  Analysis 
Sample  analysis  requirements 
include  an  X-ray  diffraction  unit, 
equipped  with; 

•  Constant  Potential  Generator. 
Voltage  and  mA  Stabilizers 

•  Automated  Diffractometer  with 
Step-Scanning  Mode 

•  Copper  Target  X-Ray  Tube  High 
intensity;  fine  focus,  preferably 

•  X-Ray  Pulse  Height  Selector 

•  X-Ray  Detector  (with  high  voltage 
power  supply):  Scintillation  or 
proportional  counter 
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•  Focusing  Graphite  Crystal 
Monochromator;  or  Nickel  Filler  (if 
copper  source  is  used,  and  iron 
fluorescence  is  not  a  serious 
problem) 

•  Data  Output  Accessories: 

Strip  Chart  Recorder 
Decade  Scaler /Timer 
Digital  Printer 

•  Sample  Spinner  (optional) 

•  Instrument  Calibration  Reference 
Specimen  e-quartz  reference 
crystal  (Arkansas  quartz  standard, 
#180-147-00,  Philips  Electronics 
Instruments,  Inc.,  85  McKee  Drive, 
Mahwah,  NJ  07430)  or  equivalent 

2.6  Reagents 

2-6. 1  Standard  Reference  Materials 
The  reference  materials  listed  below 
are  intended  to  serve  as  a  guide  Every 
attempt  should  be  made  to  acquire 
pure  reference  materials  that  are 
comparable  to  sample  materials  being 
analyzed 

•  Chrysolite:  UICC  Canadian,  or 
NIEHS  Plastibest.  (UICC  reference 
materials  available  from:  UICC. 

MRC  Pneumoconiosis  Unit, 
Llandough  Hospital.  Penarth, 
Glamorgan.  CF61XW.  UK) 

•  Crocidolite:  UICC 

•  “ Amosite ",  UICC 

•  Anthophyllite-Asbestos  UICC 

•  Tremolite  Asbestos:  Wards  Natural 
Science  Establishment.  Rochester, 
NY;  Cyprus  Research  Standard, 
Cyprus  Research.  2435  Military 
Ave  .  Los  Angeles.  CA  90064 
(washed  with  dilute  HCI  to  remove 
small  amount  of  calcite  impurity). 
Indian  tremolite,  Rajasthan  State, 
India 

•  Actmolite  Asbestos  (Source  to 
be  determined). 

2.6.2  Adhesive 

Tape,  petroleum  jelly,  etc  (for 
•attaching  silver  membrane  filters  to 
sample  holders) 

2.6.3  Surfactant 

1  Percent  aerosol  OT  aqueous 
solution  or  equivalent. 

2.6.4  Isopropanol 
ACS  Reagent  Grade 

2.7  Procedure 

2.7.1  Sampling 

Samples  for  analysis  of  asbestos 
content  shall  be  collected  as  specified 
in  EPA  Guidance  Document  #00090. 
Asbestos-Containing  Materials  in 
School  Buildings 

2.7.2  Analysis 

Ail  samples  must  be  analyzed 
initially  for  asbestos  content  by  PLM. 
XRD  should  be  used  as  an  auxiliary 
method  when  a  second,  independent 
analysis  is/equested. 


Note  Asbestos  is  a  toxic  substance 
All  handling  ol  dry  materials  should  be 
performed  in  an  operating  fume  hood 

2. 7.2  1  Sample  Preparation 

The  method  of  sample  preparation 
required  for  XRD  analysis  will  depend 
on:  (1 )  the  condition  of  the  sample 
received  (sample  size,  homogeneity, 
particle  size  distribution,  and  overall 
composition  as  determined  by  PLM), 
end  (2)  the  type  of  XRD  analysis  to  be 
performed  (qualitative  or  quantitative; 
thin  layer  or  bulk) 

Bulk  materials  are  usually  received 
as  inhomogeneous  mixtures  of 
complex  composition  with  very  wide 
particle  size  distributions.  Preparation 
of  a  homogeneous,  representative 
sample  from  asbestos-containing 
materials  is  particularly  difficult 
because  the  fibrous  nature  of  the 
asbestos  minerals  inhibits  mechanical 
mixing  and  stirring,  and  because 
milling  procedures  may  cause  adverse 
lattice  alterations. 

A  discussion  of  specific  matrix 
reduction  procedures  is  given  below. 
Complete  methods  of  sample  prepara¬ 
tion  are  detailed  in  Sections  2. 7.2. 2 
and  2  7.2  3  Note  All  samples  should 

be  examined  microscopically  before  and 

after  each  matrix  reduction  step  to 
monitor  changes  in  sample  particle  size 
distribution,  composition,  and  crystal¬ 
linity.  and  to  ensure  sample  representa¬ 
tiveness  and  homogeneity  for  analysis. 

27.2.1.1  Milling— Mechanical 
milling  of  asbestos  materials  has  been 
shown  to  decrease  fiber  crystallinity, 
with  a  resultant  decrease  in  diffraction 
intensity  of  the  specimen;  the  degree 
of  lattice  alteration  is  related  to  the 
duration  and  type  of  milling 
process Therefore,  all  milling 
times  should  be  kept  to  a  minimum. 

For  qualitative  analysis,  particle  size 
is  not  usually  of  critical  importance 
and  initial  characterization  of  the 
material  with  a  minimum  of  matrix 
reduction  is  often  desirable  to 
document  the  composition  of  the 
sample  as  received.  Bulk  samples  of 

very  large  particle  size  (>2-3  mm) 

should  be  comminuted  to  —100pm.  A 
mortar  and  pestle  can  sometimes  be 
used  in  size  reduction  of  soft  or  loosely 
bound  materials  though  this  may 
cause  matting  of  some  samples.  Such 
samples  may  be  reduced  by  cutting 
with  a  razor  blade  in  a  mortar,  or  by 
grinding  in  a  suitable  mill  (e  g  ,  a 
microhammer  mill  or  equivalent). 
When  using  a  mortar  for  grinding  or 
cutting,  the  sample  should  be 
moistened  with  ethanol,  or  some  other 
suitable  wetting  agent,  to  minimize 
exposures. 


For  accurate,  reproducible  quantita¬ 
tive  analysis,  the  ■particle  size  of  both 
sample  and  standard  materials  should 
be  reduced  to  —10  pm  (see  Section 
2.3.3)  Dry  ball  milling  at  liquid 
nitrogen  temperatures  (e  g  .  Spex 
Freezer  Mill,  or  equivalent)  for  a 
maximum  time  of  10  min  is 
recommended  to  obtain  satisfactory 
particle  size  distributions  while 
protecting  the  integrity  of  the  crystal 
lattice  *  Bulk  samples  of  very  large 
particle  size  may  require  grinding  in 
two  stages  for  full  matrix  reduction  to 
OOpm*  *® 

Final  particle  size  distributions 
should  always  be  verified  by  optical 
microscopy  or  another  suitable 
method 

2  7.2.1.2  Low  temperature  ashing— 
For  materials  shown  by  PLM  to  contain 
large  amounts  of  gypsum,  cellulose,  or 
other  organic  materials,  it  mBy  be 
desirable  to  ash  the  samples  prior  to 
analysis  to  reduce  background 
radiation  or  matrix  interference  Since 
chrysotile  undergoes  dehydroxylation 
at  temperatures  between  550°C  and 
650°C.  with  subsequent 
transformation  to  forsterite.M,<  ashing 
temperatures  should  be  kept  below 
500° C.  Use  of  a  low  temperature 
asher  is  recommended  In  all  cases, 
calibration  of  the  oven  is  essential  to 
ensure  that  a  maximum  ashing 
temperature  of  500°C  is  not  exceeded 

2.7. 2.1 .3  Acid  leaching— Because  of 
the  interference  caused  by  gypsum 
and  some  carbonates  in  the  detection 
of  asbestiform  minerals  by  XRD  (see 
Section  2.3.1).  it  may  be  necessary  to 
remove  these  interferents  by  a  simple 
acid  leaching  procedure  prior  to 
analysis  (see  Section  1 .7.2.2). 

2  7.2.2  Qualitative  Analysis 

2  7.2.2.1  Initial  screening  of  bulk 
material — Qualitative  analysis  should 
be  performed  on  a  representative, 
homogeneous  portion  of  the  sample 
with  a  minimum  of  sample  treatment 
using  the  following  procedure: 

1 .  Grind  and  mix  the  sample  with  a 
mortar  and  pestle  (or  equivalent 
method,  see  Section  2  7.2.1  -1)  to  a 
final  particle  size  sufficiently  small 
(-100  pm)  to  allow  adequate 
packing  into  the  sample  holder 

2.  Pack  sample  into  a  standard  bulk 
aampla  holder.  Care  should  be 
taken  to  ensure  that  a  representa¬ 
tive  portion  of  the  milled  sample  is 
selected  for  analysis.  Particular 
care  should  be  taken  to  avoid 
possible  size  segregation  of  the 
sample  (Note:  Use  of  a  back¬ 
packing  method”  for  bulk  sample 
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preparation  may  reduce  preferred 
orientation  effects  ) 

3  Mount  the  sample  on  the  diffrac¬ 
tometer  and  scan  over  the 
diagnostic  peak  regions  for  the 
serpentine  (—7.4  A)  and  amphibole 
(8  2-8  5  A)  minerals  (see  Table 
2-2)  The  X-ray  diffraction  equip¬ 
ment  should  be  optimized  for 
intensity.  A  slow  scanning  speed 
of  1e20  -min  is  recommended  for 
adequate  resolution  Use  of  a 
sample  spinner  is  recommended 

4.  Submit  all  samples  that  exhibit 
diffraction  peaks  in  the  diagnostic 
regions  for  asbestiform  minerals  to 
a  full  qualitative  XRD  scan  (5°-60° 
26.  1°  2ff/min)  to  verify  initial  peak 
assignments  and  to  identify 
potential  matrix  interferences 
when  subsequent  quantitative 
analysis  is  to  be  performed 

5.  Compare  the  sample  XRD  pattern 
with  standard  reference  powder 
diffraction  patterns  (i.e..  JCPDS 
powder  diffraction  data  3  or  those 
of  other  well-characterized 
reference  materials)  Principal 
lattice  spacings  of  asbestiform 
minerals  are  given  in  Table  2-2; 
common  constituents  of  bulk 
insulation  and  wall  materials  are 
listed  in  Table  2-3 

2  7.2  2.2  Detection  of  minor  or  irace 
constituents— Routine  screening  of 
bulk  materials  by  XRD  may  fail  to 
detect  small  concentrations  «5 
percent)  of  asbestos  The  limits  of 
detection  will,  in  general,  be  improved 
if  matrix  absorption  effects  are  mini¬ 
mized.  and  if  the  sample  particle  sizP  is 
reduced  to  the  optimal  1  to  10  pm 
range,  provided  that  the  crystal  lattice 
is  not  degraded  in  the  milling  process 
Therefore,  in  those  instances  where 
confirmation  of  the  presence  of  an 
asbestiform  minersl  at  very  low  levels 
is  required,  or  where  a  negative  result 
from  initial  screening  of  the  bulk 
material  by  XRD  (see  Section 

2.7.2  2.1)  is  in  conflict  with  previous 
PLM  results,  it  may  be  desirable  to 
prepare  the  sample  as  described  for 
quantitative  analysis  (see  Section 
2.7.2-31  and  step-scan  over 
appropriate  26  ranges  of  selected 
diagnostic  peaks  (Table  2-2)  Accurate 
transfer  of  the  sample  to  the  silver 
membrane  filter  is  not  necessary 
unless  subsequent  quantitative 
analysis  is  to  be  performed. 

2.7.2  3  Quantitative  Analysis 
The  proposed  method  for  quantita¬ 
tion  of  asbestos  in  bulk  samples  is  a 
modification  of  the  NIOSH- 
recommended  thin-layer  method  for 
chrysotile  in  air.*  A  thick-layer  or  bulk 


method  involving  pelletizing  the 
sample  may  be  used  for  semiquantita- 
tive  analysis,7®  however,  this  method 
requires  the  addition  of  an  internal 
standard,  use  of  a  specially  fabricated 
sample  press,  and  relatively  large 
amounts  of  standard  reference 
materials  Additional  research  is 
required  to  evaluate  the  comparability 
of  thm-  and  thick-layer  methods  for 
quantitative  asbestos  analysis 

For  quantitative  analysis  by  thin- 
layer  methods,  the  following  procedure 
is  recommended 

1.  Mill  and  size  all  or  a  substantial 
representative  portion  of  the 
sample  as  outlined  in  Section 

2.7.2  11 

2.  Dry  at  100°C  for  2  hr.  cool  in  a 
desiccator. 

3.  Weigh  accurately  to  the  nearest 
0.01  mg. 

4.  Samples  shown  by  PLM  to 
contain  large  amounts  of 
cellulosic  or  other  organic 
materials,  gypsum,  or 
carbonates,  should  be  submitted 
to  appropriate  matrix  reduction 
procedures  described  in  Sections 

2.7.2. 1 .2  and  2  7.2.1 .3.  After 
ashing  and/or  acid  treatment, 
repeat  the  drying  and  weighing 
procedures  described  above,  and 
determine  the  percent  weight 
loss.  L 

5  Quantitatively  transfer  an 
accurately  weighed  amount  (50- 
100  mg)  of  the  sample  to  a  1-L 
volumetric  flask  with  approxi¬ 
mately  200  mL  isopropanol  to 
which  3  to  4  drops  of  surfactant 
have  been  added 

6  Ultrasonicate  for  10  min  at  a 
power  density  of  approximately 
0  1  W/ml.  to  disperse  the 
sample  material. 

7.  Dilute  to  volume  with 
isopropanol. 

8.  Place  flask  on  a  magnetic  stirring 
plate  Stir. 

9  Place  a  silver  membrane  filter  on 
the  filtration  apparatus,  apply  b 
vacuum,  and  attach  the 
reservoir  Release  the  vacuum 
and  add  several  milliliters  of 
isopropanol  to  the  reservoir. 
Vigorously  hand  shake  the 
asbestos  suspension  and 
immediately  withdraw  an  aliquot 
from  the  center  of  the 
suspension  so  that  total  sample 
weight.  Wt.  on  the  filter-will  be 
approximately  1  mg  Do  not 
adjust  the  volume  in  the  pipet  by 
expelling  part  of  the  suspension; 
if  more  than  the  desired  aliquot 
is  withdrawn,  discard  the  aliquot 
and  resume  the  procedure  with  a 


clean  pipet  Transfer  the  aliquot 
to  the  reservoir  Filter  rapidly 
under  vacuum  Do  not  wash  the 
reservoir  walls.  Leave  the  filter 
apparatus  under  vacuum  until 
dry  Remove  the  reservoir, 
release  the  vacuum,  and  remove 
the  filter  with  forceps  (Note 
Water-soluble  matrix  interfer¬ 
ences  such  as  gypsum  may  be 
removed  at  this  lime  by  careful 
washing  of  tire  filtrate  with 
distilled  water.  Extreme  care 
should  be  taken  not  to  disturb  the 
sample  ) 

1 0  Attach  the  filter  to  a  flat  holder 
with  a  suitable  adhesive  and 
place  on  the  diffractometer.  Use 
of  a  sample  spinner  is 
recommended. 

11.  For  each  asbestos  mineral  to  be 
quantitated. select  a  reflection  (or 
reflections)  that  has  been  shown 
to  be  free  from  interferences  by 
prior  PLM  or  qualitative  XRD 
analysis  and  that  can  be  used 
unambiguously  as  an  index  of 
the  amount  of  material  present 
in  the  sample  (see  Table  2-2) 

12.  Analyze  the  selected  diagnostic 
reflection(s)  by  step  scanning  in 
increments  of  0.02°  20  for  an 
appropriate  fixed  time  and 
integrating  the  counts  (A  fixed 
count  scan  may  be  used 
alternatively;  however,  the 
method  chosen  should  be  used 
consistently  for  all  samples  and 
standards.)  An  appropriate 
scanning  interval  should  be 
selected  for  each  peak,  and 
background  corrections  made 
For  a  fixed  time  scan,  measure 
the  background  on  each  side  of 
the  peak  for  one-half  the  peak¬ 
scanning  time  The  net  intensity, 
I.,  is  the  difference  between  the 
peak  integrated  count  and  the 
total  background  count 

13.  Determine  the  net  count.  I««.  of 
the  filter  2.36  A  silver  peak 
following  the  procedure  in  step 
12  Remove  the  filter  from  the 
holder,  reverse  it,  and  reattach  it 
to  the  holder.  Determine  the  net 
count  for  the  unattenuated  silver 
peak,  Iv  Scan  times  may  be  less 
for  measurement  of  silver  peaks 
than  for  sample  peaks,  however, 
they  should  be  constant 
throughout  the  analysis. 

14.  Normalize  all  raw.  net  intensities 
(to  correct  for  instrument  instabil¬ 
ities)  by  referencing  them  to  an 
external  standard  (e  g  .  the  3  34 
A  peak  of  an  c-quartz  reference 
crystal)  After  each  unknown  is 
scanned,  determine  the  net 
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count.  IP.  of  the  reference 
Specimen  following  the 
procedure  in  step  12.  Determine 
the  normalized  intensities  by 
dividing  the  peak  intensities  by 
If: 

2.8  Calibration 

2.8. 1  Preparation  of  Calibration 
Standards 

1.  Mill  and  size  standard  asbestos 
materials  according  to  the 
procedure  outlined  in  Section 
2.7.2  1.1.  Equivalent, 
standardized  matrix  reduction 
and  sizing  techniques  should  be 
used  lor  both  standard  and 
sample  materials. 

2.  Dry  at  100°C  for  2  hr.  cool  in  a 
desiccator. 

3.  Prepare  two  suspensions  of  each 
standard  in  isopropanol  by 
weighing  approximately  10  and 
50  mg  of  the  dry  material  to  the 
nearest  0  01  mg  Quantitatively 
transfer  each  to  a  1  -L  volumetric 
flask  with  approximately  200  mL 
isopropanol  to  which  a  few  drops 
of  surfactant  have  been  added 

4.  Ultrasonicate  for  10  min  at  a 
power  density  of  approximately 
0.1  W/mL.  to  disperse  the 
asbestos  material. 

5.  Dilute  to  volume  with 
isopropanol. 

6  Place  the  flask  on  a  magnetic 
Stirring  plate  Stir. 

7.  Prepare,  in  triplicate,  a  series  of 
at  least  five  standard  filters  to 
cover  the  desired  analytical 
range,  using  appropriate  aliquots 
cf  the  1 0  and  50  mg/L  suspen¬ 
sions  For  each  standard,  mount  a 
silver  membrane  filter  on  the 
filtration  apparatus.  Place  a  few 
mL  of  isopropanol  in  the  reservoir. 
Vigorously  hand  shake  the 
asbestos  suspension  and  immedi¬ 
ately  withdraw  an  aliquot  from  the 
center  of  the  suspension.  Do  not 
adjust  the  volume  in  the  pipet  by 
expelling  part  of  the  suspension; 
if  more  than  the  desired  aliquot  is 
withdrawn,  discard  the  aliquot 
and  resume  the  procedure  with  a 
clean  pipet.  Transfer  the  aliquot  to 
the  reservoir.  Keep  the  tip  of  the 
pipet  near  the  surface  of  the 
isopropanol  Filter  rapidly  under 
vacuum.  Do  not  wash  the  sides  of 
the  reservoir.  Leave  the  vacuum 
on  for  a  time  sufficient  to  dry  the 
fitter.  Release  the  vacuum  and 
remove  the  filter  with  forceps. 


2.8.2  Analysis  of  Calibration 
Standards 

1.  Mount  each  filter  on  a  flat 
holder  Perform  step  scans  on 
selected  diagnostic  reflections  of 
the  standards  and  reference 
specimen  using  the  procedure 
outlined  in  Section  2. 7. 2. 3.  step 
12.  and  the  same  conditions  as 
those  used  for  the  samples. 

2  Determine  the  normalized 
intensity  for  each  peak 
measured.  Kw.  as  outlined  in 
Section  2. 7.2. 3.  step  14. 


Calculate  the  weight,  W..  in 
micrograms,  of  the  asbestos  material 
analyzed  for  in  each  sample,  using  the 
appropriate  calibration  data  and 
absorption  corrections 

W,  =  I.  f(t)-b 
m 

Calculate  the  percent  composition. 
P.,  of  each  asbestos  mineral  analyzed 
for  in  the  parent  material,  from  the 
total  sample  weight.  Wt,  on  the  filter: 

p.^M^zioo 

Wt 

where 


2  9  Calculations 
For  each  asbestos  reference 
material,  calculate  the  exact  weight 
deposited  on  each  standard  filter  from 
the  concentrations  of  the  standard 
suspensions  and  aliquot  volumes. 
Record  the  weight,  w,  of  each 
standard  Prepare  a  calibration  curve 
by  regressing  JJ,B  on  w.  Poor 
reproducibility  (±  1 5  percent  R5D)  at 
any  given  level  indicates  problems  in 
the  sample  preparation  technique,  and 
a  need  for  new  standards  The  data 
should  fit  a  straight  line  equation 
Determine  the  slope,  m.  of  the 
calibration  curve  in 
counts/microgram  The  intercept,  b.  of 
the  line  with  the  1£B  axis  should 
be  approximately  zero.  A  large 
negative  intercept  indicates  an  error  in 
determining  the  background  This  may 
arise  from  incorrectly  measuring  the 
baseline  or  from  interference  by 
another  phase  at  the  angle  of  back¬ 
ground  measurement  A  large  positive 
intercept  indicates  an  error  in 
determining  the  baseline  or  that  an 
impurity  is  included  in  the  measured 
peak. 

Using  the  normalized  intensity.  !a». 
for  the  attenuated  silver  peak  of  a 
sample,  and  the  corresponding 
normalized  intensity  from  the  unattenu¬ 
ated  silver  peak.  of  the  sample 
filter,  calculate  the  transmittance.  T. 
for  each  sample  as  follows:**'27 

T=te 

Determine  the  correction  factor,  f(T), 
for  each  sample  according  to  the 
formula: 

1-T" 

where 

B  _  sin  6 M 
sin  0. 

8*4  >  angular  position  of  the  measured 
silver  peak  (from  Bragg's  Law),  and 
8*  -  angular  position  of  the  diagnostic 
asbestos  peak. 


P,  x  percent  asbestos  mineral  in 
parent  material. 

W.  =  mass  of  asbestos  mineral  on 
filter.  in#/g;' 

Wt  =  total  sample  weight  on  filter,  in 
PS 

L  =  percent  weight  loss  of  parent 
material  on  ashing  and/or  acid 
treatment  (see  Section  2.7.2.3J. 
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Table  2-2 


Minerals 

Chrysotile 


Principal  lattice  spaemgs  of  asbestiform  minerals 

JCPDS 

Principal  d-spaemgs  (A)  Powder  diffraction  file  c 
and  relative  intensities  number 


Chrysotile  7.37 ioo  3  6 5ro  4  57 so 

7.36  too  3  66, o  2  45%, 

7  10  ioo  2.33»o  3  55 ro 

" Amosite "  8  33 too  306  TO  2  75670 

8  22  too  3  060ts  3  25  to 

Anthcphyllrte  3  05\oo  3  24% o  8  26a 

306  mo  8  33 to  3  23m> 

Actinolite  2  72«o c  2  54  too  3  40% o 

Crocidohte  8  35  too  3. 1 0n  2.  720m 

Tremolite  8  38  too  3  12  ioo  2. 705 to 


Anthophyllite 

Cummingtonite- 

grunerite 

Riebeckite 

Tremolite 

Actinolite 


2  706 too  3  14m 

3  13  ioo  2  706 to 


8  26 a 
3  23a 
340,  o 
2  720m 
2.705, o 
8  43*o 
844* o 


21- 543 
25  645 

22- 1162  (theoretical) 
17-745  (nonfibrous) 
27-1170  (UICC) 

9-455 

16-401  (synthetic) 
25-157 

27-1415  (UICC) 
13-437 ‘ 

20-1310*  (synthetic) 

23- 666  (synthetic 


mixture  with  nchterite) 


‘l hit  information  is  intended  as  a  guide,  only  Complete  powder  diffraction  data 
including  mineral  type  and  source,  should  be  referred  to  tr  ensure  comparability 
pi  sample  and  reference  materials  vs  here  possible  AtMilnin.il prensmn  XRD  data 
on  amosite  croenfithte  trenntfite.  anti  t'ln  ysottte  at r  available  hotti  the 
V  S  Bureau  of  Mutes,  Mrtwt  « 

*from  Reference  3 


fibresrty  questionable 
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Table  2-3.  Common  conslitiirnts  in  insulation  anil 
wall  materials  (horn  Hot.  101 


Table  2-4 


Inh'ili'ienri's  in  Xf%D  analysts 
of  nsbrstiloim  minmals 


A.  Insulation  materials 

Chrysotile 
" Amosite " 

Crocidolite 
*Rock  wool 
*S!ag  wool 
• Fiber  glass 

Gypsum  (CaSO*  •  2H30) 
Vermiculite  (m/cas) 

*Perlite 
Clays  ( kaolin ) 

*1 Mood  pulp 
"Paper  libers  (talc.  clay, 
carbonate  fillers) 

Calcium  silicates  (synthetic) 
Opaques  (chromite,  magnetite 
inclusions  in  serpentine) 
Hematite  (inclusions  in 
"amosite") 

Magnesite 
* Diatomaceous  earth 


B  Spray  finishes  or  paints 
Bassanite 

Carbonate  minerals  (col ate. 

dolomite,  vaterite) 

Talc 

Tremolite 

Anthophyllite 

Serpentine  (including  chrysolite) 
"Amosite" 

Crocidolite 
* Mineral  wool 
’Rock  wool 
* Slag  wool 
* Fiber  glass 
Clays  ( kaolin ) 

Micas 

Chlorite 

Gypsum  (CaS0*2H3O) 

Quartz 

* Organic  binders  and  thickeners 

Hydromagnesite 

Wollastonite 

Opaques  (chromite,  magnetite 
inclusions  in  serpentine) 
Hematite  (inclusions  in 
“amosite") 


* Amorphous  materials--contribute  only  to  overall  scattered  radiation 
and  increased  background  radiation. 


Primary  diagnostic 
Asbesti/orm  peaks  lappronmate 
mineral  dspaemgs  in  A)  Interference 


Serpentine 

Chrysolite  7.4 


3  7 


Amphibole 
"Amosite"  3. 1 
Anthophyllite 
Crocidolite 
Tremolite 


Nonasbestiform  ser¬ 
pentines  (antigonte. 
lizardite) 

Chlorite 

Kaolmite 

Gypsum 

Nonasbestiform  serp¬ 
entines.  (antigonte. 
lizardite) 

Chlorite 
H alloy  site 
Cellulose 

Nonasbestiform  amphi- 
boles  (cummingtonite- 
grunerite.  anthophyllite. 
riebeckite.  tremolite) 
Mutual  interferences 
Carbonates 
Talc 


8.3  Nonasbestiform 

amphiboles  (cumming¬ 
tonite.  grunerite. 
anthophyllite.  reibeckite. 
tremolite) 

Mutual  interferences 


United  States 
Environmental  Protection 

Agency 


Center  for  Environmental  Research 

Information 

Cincinnati  OH  4S266 


Postage  and 
Fees  Paid 
Environmental 
Protection 
Agency 
EPA  335 


Official  Business 

Penalty  lor  Private  Use  *300 
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objectionable  and  the  grounds  for  the 
objections.  If  a  hearing  is  requested,  the 
objections  must  state  the  issues  for  the 
hearing  and  the  grounds  for  the 
objections.  A  hearing  will  be  granted  if 
the  objections  are  supported  by  grounds 
legally  sufficient  to  justify  the  relief 
•ought. 

The  Office  of  Management  and  Budget 
has  exempted  this  rule  from  the 
requirements  of  section  3  of  Executive 
Order  12291. 

(Sec.  408(c).  68  Stilt.  514  (21  US  C  340c{e])) 
list  of  Subjects  in  40  CFR  Part  100 

Administrative  practice  and 
procedure.  Agricultural  commodities, 
pesticides  and  pests. 

Dated.  August  18. 19S2. 

Edwin  L.  Johnson. 

Director.  Office  of  Pesticide  Prvs’ctns. 

PART  ISO-TOLERANCES  AND 
EXEMPTIONS  PROM  TOLERANCES 
FOR  PESTICIDE  CHEMICALS  IN  OR  ON  • 
RAW  AGRICULTURAL  COMMODITIES 

Therefore.  40  CFR  Part  ISO  is 
emended  by  adding  a  new  §  130.1026  to 
read  as  follows: 

§  180.1076  Viable  spores  ol  the 
microorganism  Bacillus  popilliae; 
exemption  from  the  requirement  o»  a 
tolerance. 

(a]  For  the  purposes  of  this  section  the 
microbial  insecticide  for  which 
exemption  from  the  requirement  of  a 
tolerance  is  being  established  shall  have 
the  following  specifications: 

(1]  The  microorganism  shall  be  an 
authentic  strain  of  Bacillus  popilliae 
conforming  to  the  morphological  .and 
biochemical  characteristics  of  Bacillus 
popilliae  as  described  in  Bergey's 
Manual  of  Determinative  Bacteriology. 
^'g>"h  Edition. 

(2]  Spore  preparations  of  Bccillus 
popilliae  shall  be  produced  by  an 
extraction  process  from  diseased 
Japanese  beetles,  and  may  contain  a 
•mall  percentage  of  the  naturally 
.occurring  milky  disease  bacterium 
Bacillus  lenlimorbus. 

(3]  Each  lot  of  spere  preparation,  prior 
?to  the  addition  of  other  materials,  shall 

be  tested  by  subcutaneous  injection  of 
at  least  1  million  spores  into  each  of  five 
laboratory  te»t  mice  weighing  17  grams 
to  23  grams.  Such  test  shall  show  no 
•vidence  of  infection  of  injury  in  the  test 
animals  when  observed  for  7  days 
following  injection. 

(b)  Exemption  from  the  requirement  of 
a  tolerance  is  established  for  residues  of 
the  microbial  insecticide  Bacillus 
popilliae.  as  specified  in  paragraph  (aj 
of  this  section  in  or  on  pasture  and 
rangeland  forage  when  it  is  applied  to 


growing  crops  in  accordance  with  good 
agricultural  practices. 

(Tx  Doc  sxrt  Fii* o  »<s 
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40  CFR  Part  763 

(OPTS  61004C;  TSH-FRL  2198-81 

Asbestos;  Friable  Asbestos-Containing 
Materials  in  Schools:  Identification  and 
Notification;  Correction 

AGENCv:  Environmental  Protection 
Agency  (EPA). 

action:  Rule.  Correction. _ 

Summary:  EPA  issued  a  regulation 
requiring  the  inspection  of  public  Bnd 
private  elementary  and  secondary 
schools  in  the  United  States  to  identify 
friable  asbestos-containing  building 
materials.  Each  local  education  agency 
is  required  to  inspect  all  areas  of  each 
school,  take  samples  of  each  distinct 
type  of  friable  material  found,  and  have 
those  samples  analyzed  for  their 
asbestos  content  using  polarized  light 
microscopy  (PLM)  augmented  by  X-ray 
diffraction  where  necessary.  This 
correction  clarifies  the  rule  to  indicate 
that  EPA  will  find  it  acceptable  for 
laboratories  analyzing  samples  under 
this  rule  to  estimate  the  amount  of 
asbestos  in  the  bulk  samples  using 
methods  equivalent  to  the  point  counting 
procedure  contained  in  the  "Interim 
Method  for  Determination  of 
Asbestiform  Minerals  in  Bulk  Insulation 
Semples."  published  as  Appendix  A  to 
the  rule. 

effective  DATE:  Effective  on  June  28. 
3982. 

FOR  FURTHER  INFORMATION  CONTACT: 

Douglas  C.  Bannerman.  Acting  Director. 
Industry  Assistance  Office  (T&-799). 
Office  of  Toxic  Substances, 
Environmental  Protection  Agency,  Rm. 
E-512.  403  M  St..  SW.  Washington.  D.C. 
20460,  Toll  free:  (800-424-9055),  In 
Washington.  D.C.:  (554-2404).  Outside 
the  USA:  (Operator-202-554-1404). 
SUPPLEMENTARY  INFORMATION:  EPA 
issued  a  regulation  published  in  the 
Federal  Register  of  May  27. 1982  (47  FR 
23360),  which  requires  the  inspection  or 
all  public  and  private  elementary  and 
secondary  schools  for  friable  asbestos- 
containing  materials  in  school  buildings. 
Samples  of  friable  materials  must  be 
analyzed  using  PLM.  supplemented 
where  necessary  by  X-ray  diffraction,  in 
accordance  with  the  "Interim  Method 
for  the  Determination  of  Asbestiform 
Minerals  in  Bulk  Insulation  Samples." 
found  in  Appendix  A  of  the  rule.  The 
Interim  Method  provides  information  for 
the  proper  identification  of  asbestos  in 


bulk  samples  ar.d  includes  procedures 
for  estimating  the  amount  of  asbestos 
present  in  bulk  samples. 

Paragraph  1.7 .2.4  of  Appendix  A  of  the 
rule  was  intended  to  provide  for  a  point 
courting  procedure  or  an  equivalent 
estimation  method  for  determining  the 
amount  of  asbestos  in  bulk  samples.  The 
phrase  "or  an  equivalc-r.i  estimation 
method"  was  inadvertently  omitted  from 
the  firs’,  sentence  of  paragraph  3  . 7.2.4  of 
the  Appendix. 

Questions  concerning  equivalent 
estimation  methods  sho-’d  be  directed 
to  F.l'A's  toll-free,  technical  assistance 
number  (800-334-8573.  extension  6743). 

Appendix  A— Interim  Method  for  the 
Determination  of  Asbestos  in  Bulk 
Insulation 

§  1.7.2.4  ICorrected] 

In  FR  Doc.  82-14477  appearing  on 
page  23382.  in  the  first  column,  the 
regulatory  text  under  1.7.2  4. 
Qjcntilation  cf  Asbestos  Content,  is 
corrected  by  adding  the  phrase  "or  an 
equivalent  estimation  method"  in  line  2. 
at  the  er.d  of  the  first  sentence. 

Dated-  August  24. 1982 
Edwin  L  Johnson, 

Actins  Assistant  Acmimsti utor  for  Pesticides 
end  To\  ic  Substcr.ces. 

|FX  D^c  K-WM1  F.  rtf  r-Ji-ai  m»  •»! 

•xu  no  CODE  mso-sc-* 


DEPARTMENT  OF  HEALTH  AND 
HUMAN  SERVICES 

Health  Care  Financing  Administration 

42  CFR  Part  421 

Medicare  Program;  Assignment  and 
Reassignment  of  Home  Health 
Agencies  to  Designated  Regional 
Intermediaries 

AGENCY:  Health  Care  Financing 
Administration  (KCFA).  HHS. 
action:  Final  rule. _ 

Summary:  We  are  modifying  Medicare 
regulations  to  require  that  all 
freestanding  home  healih  agencies 
serviced  by  a  nominated  intermediary 
be  serviced  by  a  regional  intermediary 
designated  by  I1CFA. 

These  regulations  implement  section 
1836(c)(4)  of  the  Social  Security  Act  (as 
added  by  section  930[o)  of  the  Omnibus 
Reconciliation  Act  of  1930.  Pub.  L  96- 
499).  which  requires  the  Secretary  to 
designate  regional  agencies  or 
organizations  to  perform  intermediary 
functions  for  home  health  agencies. 
EFFECTIVE  DATE:  These  regulations  arc 
effective  October  1. 1952. 


SECTION  C 


VOLATILE  ORGANICS  IN  SOIL /SEDIMENT  SAMPLES  BY 
GAS  CHROMATOGRAPHY/MASS  SPECTROMETRY  (GC/MS): 
USATHAMA  CERTIFIED  METHOD  N9  FOR  UBTL; 

AND  USATHAMA  CERTIFIED  METHOD  K9  FOR  CAL 

DEVELOPED  FROM 

EPA  METHOD  8240,  SW-8846  ,  2ND  ED. ,  JULY  1982 


USATHAMA  CERTIFIED  METHOD  N9  FOR  UBTL 


TJBTL  Method  _ N9 


VOLATILE  ORGANICS  IN  SOIL/SEDIMENT  SAMPLES 
BY  GAS  CHR OMOTO GRAPHY / MAS S  SPECTROMETRY  (GC/MS)  METHOD  A 

1.  APPLICATION 

This  method  is  applicable  to  the  seniquantitative  determination 
of  the  following  compounds  in  environmental  soil/sediment 
samples  by  GC/MS: 


Benzene 

Methylene  chloride 

Carbon  tetrachloride 

Tetrachloroethene 

Chlorobenzene 

Toluene 

Chloroform 

1,1, 1-Trichloroethane 

1 ,1-Diehl oroe thane 

1,1, 2-Tr ichl oroethane 

1 ,2-Dichloroethane 

Trichloroethene 

Dibraraochloropropane  (DBCP) 

m-Xylene 

Dicyclopentadiene 

o-Xylene 

Bi eye loheptadiene 

p-Xylene 

trans-1 ,2  ,-Dichloroethene 

Methylisobutylketone  (MIBK) 

Ethylbenzene 

Dimethyl  disulfide  (DMDS) 

A.  TESTED  CONCENTRATION  RANGE 

The  tested  concentration  ranges  of  the  compounds  examined 

“standard  soil"  are  as 

follows : 

Tested 

An  a  1  p 

Concentration  Range  (vg/g)* 

Anaiyte 

Ethylbenzene 

0.25  to  25 

Benzene 

0.25  to  25 

MIBK 

0.25  to  25 

DMDS 

0.25  to  25 

1 , 1-Dichl oroe thane 

0.25  to  25 

1 ,2-Dichloroethane 

0.25  to  25 

1,1, 1-Tr ichl oroethane 

0.25  to  25 

1,1, 2-Trichloroe thane 

0.25  to  25 

Methylene  chloride 

0.25  to  25 

1 


UBTL  Method _ N9 


Tested 


Analyte 

Concentration 

Range 

Chloroform 

0.25 

to 

25 

Carbon  tetrachloride 

0.25 

to 

25 

trans-1 ,2,-Dichloroethene 

0.25 

to 

25 

Toluene 

0.25 

to 

25 

Chlorobenzene 

0.25 

to 

25 

Tetrachloroethene 

0.25 

to 

25 

Trichloroethene 

0.25 

to 

25 

m-Xylene 

0.25 

to 

25 

o-  and/or  p-Xylenest 

0.5 

to 

50 

DBCP 

0.25 

to 

25 

Dicyclopentad iene 

0.27  to  : 

26.5 

Bicycloheptadiene 

0.25 

to 

25 

1 , 2 , -Di chi oroe thane- D^ 

0.25 

to 

25 

Methylene  chloride-D2 

0.25 

to 

25 

Ethyl  be  nzene-DjQ 

0.25 

to 

25 

*Ug/g  “  micrograras  per  grain. 

tOrtho  -  and  para  -  (o-  and  p-)  xylene  coelute  under  the  GC  conditions 
specified  in  this  method.  The  tested  concentration  range  given 
represents  the  sum  of  the  individual  tested  concentration  range  for 
each  specific  isomer. 


B.  SENSITIVITY 

The  extracted  ion  current  area  count  responses  at  the 
"standard  soil"  detection  limits  (Sec.  l.C)  are: 


Analyte 

Ethylbenzene 

Quantitation 

Ion 

Area  Counts 

Retention 

Time* 

Relative 
Retention 
Time  (RRT) 

106 

1,700 

31:22 

1.487 

Benzene 

78 

13,000 

20:26 

0.968 

HIBK 

58 

2,400 

23:17 

1.103 

DMDS 

94 

190,000 

19:10 

0.908 

1 ,1-Dichloroethane 

63 

38,000 

12:58 

0.615 
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Analyte 

1 t2-Di chi o roe thane 

1 .1 .1- Trichl oroethane 

1 1 1 .2- Trichloroe thane 
Methylene  chloride 
Chloroform 
Carbon  tetrachloride 
Trans-1 ,2,-Dichloroethene 
Toluene 
Chlorobenzene 

Tetrachl oroethene 

Trichloroethene 

tn-Xylene 

o-  and/or  p-Xylene 
DBCP 

Dicyclopentadiene 
Bi cycloheptadiene 

1 .2- Dichloroethane-D4 
Methylene  chloride-D2 
Ethylbenzene-D10 

1 .2- Dibromoethane-D4 
Chlorobenzene-D5 


Quantitation 

Ion _  Area  Counts 


62 

8,200 

97 

3,300 

97 

4,000 

84 

33,000 

83 

4,600 

117 

1,900 

96 

21,000 

92 

8,500 

112 

15,000 

164 

3,800 

130 

7,100 

91 

27,000 

91 

186,100 

157 

1,800 

66 

3,500 

91 

11,000 

67 

1,300 

53 

1,000 

98 

14,000 

111 

Internal 

Standard 

Retention 

Time* 

Relative 
Retention 
Time  (RRT) 

15:15 

0.723 

16:28 

0.780 

20:23 

0.966 

8:29 

0.402 

14:23 

0.682 

16:50 

0.798 

13:56 

0.660 

26:41 

1.265 

28:07 

1.333 

25:07 

1.190 

19:49 

0.939 

38:50 

1.840 

40:37 

1.925 

31:10 

1.477 

27:33 

1.306 

17:38 

0.836 

15:06 

0.716 

8:26 

0.400 

30:57 

1.467 

21:06 

1.00 

♦minutes : seconds 

tUBTL  Internal  Standard  (not  characterized,  used  to  monitor  column  and 
SstruLnt  Srfomance  In  the  later  part  of  the  run,  not  used  for 

quantitation) . 


C.  TVETECTION  LIMITS 

The  detection  limits  in  "standard  soil”,  calculated 
according  to  the  U.S.  Army  Toxic  and  Hazardous  Materials 
Agency  (DSATHAMA)  detection  limit  progran  with  90-percent 
confidence  limits  (USATHAMA,  1982),  are: 
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Analyte 

Ethyl benze ne 

Benzene 

MIBK 

DMDS 

1 .1- Dichloroethane 

1 .2- Dichloroethane 

1 .1 .1- Trichloroe thane 

1 . 1 .2- Trichloroethane 
Methylene  chloride 
Chloroforn 

Carbon  tetrachloride 

trans-1 , 2 ,-Dichloroethene 

Toluene 

Chlorobenzene 

Tetrachl oroethene 

Trichloroethene 

m-Xylene 

o-and/or  p-Xylene 
DBCP 

Dicyclopentadiene 
Bi cycloheptadiene 
1 ,2,-Dichloroethane-D^ 
Methylene  chloride-D2 
Ethylbenzene-DjQ 

D.  INTERFERENCES 

No  interferences  were 
samples 
Envir  omental 
to  prevent  contamination 


Detection  Limit 


(ue/e)  ... 

Range  (pk/e) 

0.4 

0.4-25 

0.3 

0.3-25 

0.7 

0.7-25 

20 

20-25 

2 

2-25 

0.6 

0.6-5 

0.4 

0.4-10 

0.4 

0.4-25 

2 

2-25 

0.3 

0.3-5 

0.3 

0.3-10 

2 

2-25 

0.3 

0.3-25 

1 

1-10 

0.3 

0.3-25 

0.5 

0.5-25 

0.8 

0.8-10 

5 

5-50 

2 

2-25 

0.7 

0.7-25 

0.4 

0.4-10 

0.3 

0.3-25 

0.4 

0.4-25 

0.3 

0.3-25 

encountered  in  "standard  soil" 
Precautions  described  in  Test  Method  624  [U.S» 
Protection  Agency  (EPA) ,  1982]  must  be  taken 
artifacts. 


Two  of  the  tested  analytes  coelute  under  the  GC  conditions 
specified  in  this  method.  These  compounds  are  the  isomers 
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o-xylene  and  p-xylene,  which  cannot  be  differentiated  by 
GC/MS.  For  the  purpose  of  this  method,  these  two  compounds 
are  reported  as  o-  and/or  p-xylene. 

E.  ANALYSIS  RATE 

After  instrument  calibration,  one  analyst  can  analyze  five 
samples  in  a  9-hour  day. 


2.  CHEMISTRY 

A.  CHEMICAL  ABSTRACT  SERVICE  (CAS)  REGISTRY  NUMBERS 


Analyte 

Ethylbenzene 

Benzene 

MIBK 

DMDS 

1.1- Dichloroethane 

1 .2- Dichloroe thane 

1.1. 1- Trichloroe thane 

1.1. 2- Tr ichl oroe  thane 
Methylene  chloride 
Chloroform 

Carbon  tetrachloride 

trans-1 ,2,-Dichloroethene 

Toluene 

Chlorobenzene 

Tetrachloroethene 

Trichloroethene 

o-Xylene 

o-Xylene 

p-Xylene 

DBCP 

Dicyclopentadiene 

Bicycloheptadiene 


CAS  Registry  Number 
100-4 1-4 
71-43-2 
108-10-1 
624-92-0 
75-34-3 

107- 06-2 
71-55-6 
79-00-5 
75-09-2 
67-66-3 
56-23-5 
156-60-5 

108- 88-3 
108-90-7 
127-18-4 
79-01-4 
108-38-3 

95- 47-6 
106-42-3 

96- 1 2-8 
77-73-60 
121-46-0 
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B.  CHEMICAL  REACTIONS 

In  the  laboratory,  the  soil  sample  is  placed  into  a  vial 
containing  10  milliliters  (mL)  of  methanol.  Prior  to 
analysis,  the  vial  is  spiked  with  the  surrogate  compounds. 
Then,  0.02  mL  are  removed  from  the  vial,  transferred  to  a 
specially  designed  purging  chamber  containing  5.0  ml  of 
organic-free  water,  and  spiked  with  two  internal 
standards.  The  purgeables  are  efficiently  transferred  from 
the  aqueous  phase  to  the  vapor  phase.  The  vapor  is  swept 
through  a  sorbent  column,  trtiere  the  purgeables  are 
trapped.  After  purging  is  completed,  the  sorbent  column  is 
heated  and  backflushed  with  the  inert  gas  to  desorb  the 
purgeables  onto  a  GC  column.  The  GC  is  temperature 
programmed  to  separate  the  purgeables,  which  are  then 
detected  with  an  MS. 


3.  APPARATUS 

A.  INSTRUMENTATION 

A  Finnigan  1020B  GC/MS  with  electron  impact  ionization 
source. 

B.  GC/MS  PARAMETERS.  HARDWARE,  GLASSWARE,  AND  REAGENTS 

EPA  Method  624  (EPA,  1982)  for  purgeables,  attached  to  this 
method  (Att.  1),  describes  the  recommended  GC/MS  parameters, 
hardware,  glassware,  and  reagents  used  in  this  procedure. 

The  actual  GC  conditions  are: 

12  SP-1000  on  60/80  mesh  Carbo  pack  B 

6  feet,  glass 

2  millimeters  x  1/4  inch 

Hold  at  45  degrees  Celsius  (°C)  for 
three  minutes,  then  to  220  *C 
programmed  at  8  *C  per  min. 

43  minutes,  12  seconds  (850  scans 
acquired) 

Helium  (research  grade) 

220  *C 


Co lumn : 

Length: 

Inside  dianeter: 
Temperature  Program: 

Run  Time : 

Carrier  Gas: 

Injector  Temperature: 
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A  reconstructed  total  ion  current  profile  of  the  160  yg/L 
calibration  standard  is  attached  to  this  method. 

C.  SAMPLING  CONTAINER  PREPARATION 

The  sanple  container  is  an  amber  glass  40  mL  VOA  vial  with  a 
Teflon  lined  cap.  The  Teflon  lined  cap  is  cleaned  by 
shaking  methanol  in  a  capped  vial,  renoving  the  cap  and  air 
drying.  The  vial  is  cleaned  by  rinsing  with  methanol, 
drying  at  105°  overnight,  capping  and  cooling. 


D.  METHANOL  PREPARATION 

The  methanol  (Fisher  Scientific,  HPLC  grade)  is  wirmed  to 
40  °C  on  a  stirring  hot  plate  and  purged  with  a  continuous 
stream  of  high-purity  helium  for  a  minimum  of  16  hours.  It 
is  recommended  that  each  batch  of  methanol  be  prescreened 
prior  to  utilization  to  verify  that  significant 
contamination  is  not  present.  Helium  is  forced  through  a 
Teflon  tube  and  exits  a  stainless  steel  frit  as  a  fine 
stream  of  bubbles.  The  helium  flow  rate  is  45  mL  per  min. 
The  reagent  bottle  is  capped  with  aluminum  foil.  The 
aluminum  foil  is  secured  sufficiently  to  allow  the  Teflon 
tube  to  enter  the  reagent  bottle  and  to  allow  the  helium  to 
exit.  The  methanol  purging  procedure  reduced  the  amount  of 
methylene  chloride  and  other  compounds  present  in  the 
methanol.  However,  the  methylene  chloride  could  not  be 
reduced  to  an  insignificant  level  by  extending  the  purging 
time  and  consequently  remained  as  a  contaminant  in  the 
extraction  solvent. 

E.  SAMPLING  PROCEDURE 

In  the  laboratory,  a  clean,  prelabeled  sample  container  is 
opened  and  tared.  Ten  grams  (g)  of  soil  sample  are  quickly 
added  to  the  sampling  container,  after  which  10  mL  of  clean 
methanol  are  added;  the  container  is  then  resealed. 
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4.  STANDARDS 

A.  INITIAL  INSTRUMENT  CALIBRATION  STANDARDS 

1.  Eleven  stock  solutions  of  the  target  volatiles  and 

deuterated  surrogate  compounds  were  prepared  by  weighing 
or  using  an  appropriate  calibrated  syringe.  The 
appropriate  amounts  of  each  SARM  compound  are  introduced 
into  10-mL  volumetric  flasks  containing  5  mL  of 
methanol.  The  solutions  were  numbered  consecutively, 
beginning  with  VS  SARM  1  (VSS1);  the  dilute  surrogate 
compounds  are  indentified  in  a  similar  manner. 

Solutions  were  prepared  with  microliter  syringes  and  to 
contain"  pi pets,  which  were  rinsed  several  times  with 
methanol  after  addition  to  the  volumetric  flask.  As 
soon  as  all  of  the  compounds  for  a  particular  stock 
solution  were  added  to  the  volumetric  flask,  the 
solution  was  diluted  to  the  10-mL  mark  with  methanol. 
Table  1  lists  the  group  of  compounds  in  each  stock 
solution,  the  density  of  the  compounds,  the  volume  or 
weight  of  each  compound  added,  and  the  final 
concentrations. 

2.  A  6tock  calibration  solution  consisting  of  two  internal 
standards  was  made  by  adding  92  microliters  (uL)  of  1,2- 
d ibramoe thane- (D4 )  (MSD  Isotopes,  St.  Louis,  MO)  to  5  mL 
of  methanol  in  a  10-mL  volumetric  flask  and  200  mg 
chlorobenzene-(D5)  (Aldrich  Chemical  Co.)  and  diluting 
to  volume  with  methanol.  The  concentration  of  the  stock 
calibration  internal  standards  ws  20  milligrams  per 
milliliter  (mg/mL).  The  density  of  the  1,2- 
dibrcmoethane-(D4)  was  2.18  grams  per  milliliter  (g/mL). 

A  dilute  stock  internal  standard  solution  was  prepared 
by  placing  20  yL  of  the  stock  calibration  internal 
standard  solution  into  5  mL  of  methanol  in  a  10-mL 
volumetric  flask  and  diluting  to  volume  with  methanol. 
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The  concentration  of  dilute  stock  internal  standard 
calibration  solution  was  40  micrograms  per  milliliter 
(yg/mL)  for  both  internal  standards. 

Prepare  the  dilute  composite  target  compound  calibration 
standard  solutions  using  disposable  micropipettes  or 
equivalent,  10-mL  volumetric  flasks,  and  1-mL  glass 
crimp-top  septun  vials: 

a.  Place  125  yL  each  of  VSS1  through  VSS10  into  a  5-mL 
volumetric  flask  containing  2.5  rnL  of  methanol  and 
dilute  to  volume  with  methanol  to  give  a  dilute 
composite  calibration  standard  solution  designated 
VSSB1.  The  concentration  of  all  analytes  in  VSSB1 
is  approximately  50  yg/mL.  A  separate  dilute 
calibration  standard  solution  is  prepared  for  DBCP 
by  placing  125  yL  of  VSS11  into  a  5-mL  volumetric 
flask  containing  2.5  mL  of  methanol  and  diluting  to 
volume  with  methanol  to  give  a  solution  (VSSB2)  with 
a  DBCP  concentration  of  50  yg/mL.  This  solution  is 
made  up  fresh  daily  using  a  new  VSS2  solution 
prepared  the  same  day  (containing  HMDS).  To  clarify 
this  procedure  note  that  neat  DMDS  was  weighed  out 
and  a  fresh  stock  solution  (VSS2)  is  prepared  daily 
as  well  as  the  subsequent  dilution  to  VSSB1. 

b.  Place  200  yL  of  VSSB1  into  a  1  mL  volumetric  flask 
and  bring  to  volume  with  methanol  to  give  a  dilute 
composite  calibration  solution  VSSC1.  The 
concentration  of  all  analytes  in  VSSC1  is 
approximately  10  yg/mL.  Similarly,  a  separate 
dilute  calibration  standard  solution  of  DBCP  is 
prepared  by  placid  200  yL  of  VSSB2  into  a  1  mL 
volumetric  flask  and  bringing  to  volume  with 
methanol  to  give  a  solution  (VSSC2)  with  a  DBCP 
concentration  of  10  yg/mL. 


9 


UBTL  Method  _ N9 


c.  Place  100  yL  of  VSSC1  into  a  1  mL  volumetric  flask 
and  bring  to  volume  with  methanol  to  give  a  dilute 
composite  calibration  standard  solution  VSSD1.  The 
concentration  of  all  analytes  in  VSSD1  is 
approximately  1  yg/mL.  Similarly,  a  separate  dilute 
calibration  standard  solution  of  DBCP  is  prepared  by 
placing  100  yL  of  VSSC2  into  a  1  mL  volumetric  flask 
and  bringing  to  volume  with  methanol  to  give  a 
solution  (VSSD2)  with  a  DBCP  concentration  of 
1  yg/mL. 

B.  DAILY  INSTRUMENT  CALIBRATION  STANDARDS 

1.  prepare  a  daily  SAEM  calibration  standard  (VSSD)  as 
follows : 

a.  Prepare  the  daily  SARM  calibration  standard  VSSD  by 
pipetting  200  yL  of  each  of  VSS1  through  VSS11  into 
a  10-mL  volumetric  flask  containing  5  mL  of  methanol 
and  diluting  to  volume  with  methanol.  The 
concentration  of  all  SARM  analytes  in  VSSD  is 
approximately  40  yg/mL  (Table  2). 

C.  INITIAL  INSTRUMENT  CALIBRATION 

The  following  calibration  standards  «re  analyzed  to 
calibrate  the  linear  range  of  the  system  for  each  SARM 
compound.  In  each  case,  5  mL  of  organic- free  vater  are 
spiked  with  aliquots  of  the  indicated  composite  SARM 
calibration  solution  and  internal  standards  and  then  purged 
and  analyzed.  The  amount  of  methanol  in  each  calibration 
standard  was  kept  uniform  regardless  of  the  amount  of 
standard  spiked.  A  total  of  45  mL  of  methanol  was  added  to 
each  standard;  5  yL  from  the  internal  standard  spike,  and 
from  5  to  20  yL  from  the  standard  spiking  solution.  The 
difference  wbs  made  up  with  the  methanol  solvent.  The  area 
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of  the  quantitation  ion  for  each  standard  compound  divided 
by  the  area  of  the  internal  standard  (quantitation  ion  m/e 
111)  is  plotted  against  the  micrograms  of  each  standard 
compound  purged  and  analyzed.  The  correlation  coefficient 
of  the  linear  regression  plot  of  each  of  these  standard 
compounds  was  0.996  or  greater  over  the  range  calibrated. 

1 .  SARM  Calibration  Standard  No.  1  (Blank) 

Composed  of  40  yL  of  methanol  and  5.0  yL  of  the  40-yg/mL 
dilute  stock  internal  standard  calibration  solution 
only. 

2.  SARM  Calibration  Standard  No. 2  [1  microgram  per  liter 

(yg/l)1 

Composed  of  5.0  yL  each  of  the  1-yg/mL  dilute  composite 
VSSDl  and  VSSD2  target  compound  calibration  solutions, 

5.0  yL  of  the  40-yg/mL  dilute  stock  internal  standard 
calibration  solution,  and  30  yL  of  reagent  methanol. 

3.  SARM  Calibration  Standard  No.  3  (2  yg/1) 

Composed  of  10  yL  each  of  the  1-yg/mL  dilute  composite 
VSSDl  and  VSSD2  target  compound  calibration  solutions, 
5.0  yL  of  the  40-yg/mL  dilute  stock  internal  standard 
calibration  soluion,  and  20  yL  of  reagent  methanol. 

4.  SARM  Calibration  Standard  No.  4  (4  yg/1) 

Composed  of  20.0  yL  each  of  the  1-yg/mL  dilute  composite 
VSSDl  and  VSSD2  target  compound  calibration  solutions 
and  5.0  yL  of  the  40-yg/mL  dilute  stock  internal 
standard  calibration  solution. 

5.  SARM  Calibration  Standard  No.  5  (10  yg/1) 

Composed  of  5.0  yL  each  of  the  10-yg/mL  dilute  composite 
VSSC1  and  VSSC2  target  compound  calibration  solutions, 
5.0  yL  of  the  40-yg/mL  dilute  stock  internal  standard 
calibration  solution,  and  30  yL  of  reagent  methanol. 
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6.  SARM  Calibration  Standard  No.  6  (20  yg/1) 

Composed  of  10.0  pL  each  of  the  10-pg/mL  dilute 
composite  VSSC1  and  VSSC2  target  compound  calibration 
solutions,  5.0  pL  of  the  40-pg/mL  dilute  stock  internal 
standard  calibration  solution,  and  20  pL  of  reagent 
methanol. 

7.  SARM  Calibration  Standard  No.  7  (40  Pg/1) 

Composed  of  20.0  pL  each  of  the  10-pg/mL  dilute  compsite 
VSSC1  and  VSSC2  target  compound  calibration  solutions 
and  5.0  pL  of  the  40-pg/mL  dilute  stock  internal 
standard  calibration  solution. 

8.  SARM  Calibration  Standard  No.  8  (100  Pg/1) 

Composed  of  10  pL  each  of  the  50-pg/mL  dilute  composite 
VSSBl  and  VSSB2  target  compound  calibration  solutions, 

5.0  pL  of  the  40-pg/mL  dilute  stock  internal  standard 
calibration  solution,  and  20  pL  of  reagent  methanol. 

9.  SARM  Calibration  Standard  No.  9  (160  Pg/1) 

Composed  of  16.0  pL  each  of  the  50-pg/mL  dilute 
composite  VSSBl  and  VSSB2  target  compound  calibration 
solutions,  5.0  pL  of  the  40-pg/mL  dilute  stock  internal 
standard  calibration  solution,  and  8  pL  of  reagent 
methanol. 

D.  DAILY  INSTRUMENT  CALIBRATION 

Since  initial  calibration  established  that  the  instrument  is 
linear  over  the  certified  range,  it  is  only  necessary  to 
verify  by  use  of  a  1-point  calibration  standard  run  daily 
that  the  instrument  response  has  not  drifted  significantly 
(i.e.,  the  response  factors  of  the  surrogate  compounds  have 
not  changed  by  more  than  25  percent  from  those  obtained 
during  initial  calibration).  This  1-point  daily  calibration 
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standard  is  used  to  establish  daily  response  factors  for 
each  of  the  certified  analytes.  The  standards  utilized  for 
these  daily  calibrations  are  the  dilute  stock  internal 
standard  calibration  solution  (as  prepared  in  Sec.  4. A. 2) 
and  the  VSSD  daily  calibration  standard  (as  prepared  in  Sec 

4»  B*  1  •  fl  )  • 


1.  Analysis  of  the  VSSD  Daily  Calibration  Standard 

Spike  5.0  pL  of  the  VSSD  daily  calibration  standard  and 
5.0  pL  of  the  dilute  stock  internal  standard  calibration 
solution  into  5.0  ml  of  organic-free  water  and  analyze 
by  purge-and-trap  analysis,  as  described  in  Sec.  11  of 
Att.  1  (EPA  Test  Method  624).  This  corresponds  to 
purging  and  analyzing  0.2  pg  of  each  of  the  SARM 
compounds  and  the  internal  standard  compounds. 

E.  CONTROL  SPIKES 

1.  The  solutions  used  for  control  spiking  were  the  dilute 
composite  solutions  VSSB1  and  VS SB 2  as  prepared  in  Sec. 

A  a  A#  3a  3  • 

2.  The  control  spikes  were  prepared  by  placing  10  g  of 
"standard  soil"  (uncontaminated  natural  soil  obtained 
from  the  Rocky  Mountain  Arsenal,  Denver,  00,  area)  into 
a  40  oL  amber  vial,  then  adding  the  appropriate  amounts 
of  spiking  solution  and  methanol  as  shown  in  Table  3. 

The  spiked  vials  are  capped  and  mixed  by  inverting  the 
vials  a  minimum  of  20  times. 

procedure 

A.  ANALYSIS  OP  CERTIFICATION  CONTROL  SPIKES  ONLY 

1.  Using  a  syringe,  rmove  0.02  mL  from  the  control  spike 
sample  vial  as  prepared  in  Table  3  and  spike  it  into  5.0 
mL  of  organic-free  «ter  contained  in  the  ample 
syringe. 


13 


UBTL  Method _ N9 


2.  Spike  5  uL  of  the  dilute  Btock  internal  standard 
calibration  solution  (as  preapred  in  Sec.  4.A.2)  into 
the  sample  syringe. 

3.  Transfer  the  spiked  5  mL  of  sanple  contained  in  the 
sample  syringe  to  the  purging  device  (see  Fig.l  of  Att. 

1). 

4.  Purge  and  analyze  the  sample  as  described  in  Sec.  11  of 
At  t •  I* 

B.  ANALYSIS  OF  ENVIRONMENTAL  SAMPLES 

1.  Prepare  stock  surrogate  solutions  (to  be  used  in  the 
analysis  of  environmental  samples)  as  follows : 

a.  Place  1,000  mg  of  1 ,2,-dichloroethane-d4  into  a  10- 
mL  volumetric  flask  containing  5  mL  of  methanol  and 
dilute  to  volume  with  methanol  to  produce  a  100,000- 
Vg/mL  l,2,-dichloroethane-d4  stock  surrogate 
solution  (designated  stock  surrogate  solution 

1 2DCD4 ) . 

b.  Place  1,000  mg  of  methylene  chloride-d2  into  a  10-mL 
volumetric  flask  containing  5  mL  of  methanol  and 
dilute  to  volume  with  methanol  to  produce  a  100,000- 
yg/mL  methylene  chloride-d2  stock  surrogate  solution 
(designated  stock  surrogate  solution  CD2CL2). 

c.  Place  1,000  mg  of  ethylbenzene-d10  into  a  10-mL 
volumetric  flask  containing  5  mL  of  methanol  and 
dilute  to  volume  with  methanol  to  produce  a  100,000- 
Vg/oL  ethyl benzene-dlQ  stock  surrogate  solution 
(designated  stock  surrogate  solution  C8D10). 
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2.  Prepare  the  VS 2  surrogate  splice  solution  by  talcing  two 
mL  of  each  of  the  three  stock  surrogate  solutions 
prepared  in  Sec.  5.B.1  and  diluting  to  10  mL  with 
methanol.  (Note:  The  aliquots  are  added  to  10-mL 
volumetric  flasks  containing  3  mL  of  methanol  to 
minimize  evaporative  losses  during  the  transfer.  After 
addition  of  all  three  aliquots,  the  solution  is  diluted 
to  the  10-mL  mark  with  methanol).  Surrogate  spike 
solution  VS 2  contains  each  of  the  three  surrogates  at  a 
concentration  of  20  mg/mL. 

3.  Analyze  4-brooofluorobenzene  (BFB)  and  adjust  the  tune 
of  the  mass  spectrometer  as  required  to  the  key  ion 
abundance  criteria  of  EPA  Method  624. 

4.  Analyze  a  water  blank  consisting  of  5  mL  of  organic-free 
water  spiked  with  5  yL  of  the  dilute  stock  internal 
standard  calibration  solution  (as  prepared  in  Sec. 

4. A. 2).  The  internal  standard  is  added  to  a  5-mL 
syringe  containing  5  mL  of  organic-free  water  and  then 
transferred  to  the  purging  device.  The  rnter  blank  is 
then  purged  and  analyzed  according  to  Sec.  11  of  Att.  1. 

5.  Analyze  a  method  blank  (to  check  for  contamination  of 
the  reagents  used)  as  follows: 

a.  Place  10  g  of  standard  soil  in  a  vial  with  10  mL  of 
methanol  and  spike  with  5  yL  of  the  VS2  surrogate 
spike  solution.  The  vial  is  quickly  sealed  and 
mixed  on  a  wrist  action  shaker  for  four  hours. 

b.  Remove  20  yL  of  methanol  from  the  vial  with  a 
springe  and  transfer  to  a  syringe  containing  5  mL  of 
organic-free  water. 
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c.  Add  5  yL  of  the  dilute  stock  internal  standard 
calibration  solution  (as  prepared  in  Sec.  4.  A.  2) 
into  the  5-mL  syringe. 

d.  Transfer  entire  contents  of  the  syringe  into  the 
purging  device;  purge  and  analyze  as  described  in 
Sec.  11  of  Att.  1. 

6.  Analyze  the  VSSD  daily  calibration  standard  as  described 
in  Sec.  4.D.  1. 

7.  Analyze  soil  samples  as  follcvs: 

a.  A  10-g  sample  of  soil  is  placed  in  a  vial  with  10  mL 
of  methanol  and  spiked  with  5  yL  of  the  VS 2 
surrogate  spike  solution,  quickly  sealed,  and  mixed 
on  a  wrist  action  shaker  for  4  hours. 

b.  Using  a  syringe,  remove  20  yL  of  the  methanol  from 
the  vial  and  transfer  to  a  syringe  containing  5  mL 
of  organic-free  water. 

c.  Add  5  yL  of  the  dilute  stock  internal  standard 
calibration  solution  (as  prepared  in  Sec.  4.  A. 2) 
into  the  5-mL  syringe. 

d.  Transfer  entire  contents  of  the  syringe  into  the 
purging  device;  purge  and  analyze  as  described  in 
Sec.  11  of  Att.  1. 

6.  CALCULATIONS 

A.  DOCUMENTED  COMPOUNDS 

1.  The  following  calculations  are  performed  to 

determine  the  concentrations  of  compounds  for  which 
method  documentation  has  been  performed: 
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Concentration  (mlcrograms  purged)  -  ^AsCiB^^Ais^ 

where :  A  «  Area  of  the  characteristic  ion  for  the 

£ 

analyte  to  be  measured , 

Aj  m  Area  of  the  characteristic  ion  for  the 
i  s 

internal  standard, 

C^g  »  Micrograns  of  the  internal  standard 
purged ,  and 

RF  «  Response  factor  calculated  from  the  daily 
calibration  standard. 

The  response  factor  (RF)  for  each  compound  is  calculated  as 
follows : 

*F  -  <AsCis)/(AisCs) 

where:  A  -  Area  of  the  characteristic  ion  for  the 

s 

analyte  to  be  measured  (this  area  is  corrected 
for  any  trace  contamination  found  in  the  water 
blank) , 

Ais  m  Area  of  the  characteristic  ion  for  the 
internal  standard, 

Cis  -  Micrograms  of  the  internal  standard 
purged ,  and 

C  -  Mircrograns  of  the  parameter  to  be 
8 

measured  purgerd. 

2.  The  concentration  of  each  documented  compound  in  the 
sample,  in  micrograms  per  gram  (wet  wight)  basis,  is 
calculated  as  follows: 

10  ml 

(mlcrograms  purged  -  mlcrograms  purged  in  method  blank)  0.02  ml 
E  Weight  of  soil  sample  in  vial  in  grams 

3.  The  concentration,  in  mlcrograms  per  gram  (wet  wight) 
basis,  is  then  adjusted  for  percent  moisture  such  that 
the  data  can  be  reported  on  a  dry-weight  basis. 
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4.  If  the  concentrations  of  any  of  the  certified  compounds 
are  within  the  certified  range  of  the  Volatile  Organics 
in  Soil/Sediment  Samples  by  GC/MS  method,  they  will  be 
reported.  If  the  concentrations  of  any  of  the  certified 
compounds  are  not  detected  or  below  the  certified 
detection  limit  of  the  method,  they  will  be  reported  as 
"less  than"  the  certified  detection  limit.  If  the 
concentrations  of  any  of  the  certified  compounds  exceed 
the  certified  range,  they  should  be  reported  as  either 
"greater  than"  the  upper  certified  concentration  or  a 
smaller  sample  aliquot  (i.e.,  less  than  0.02  ml)  should 
be  taken  for  purge-and-trap  analysis. 

5.  Results  will  be  reported  in  terms  of  concentrations  in 
the  original  matrix  and  certified  analytes  will  be 
corrected  for  recoveries  (using  the  accuracy  obtained 
during  method  certification). 

B.  UNDOCUMENTED  COMPOUNDS 

1.  The  following  calculations  are  performed  to  determine 
the  concentrations  of  compounds  which  are  detected  but 
which  have  not  undergone  the  method  documentation: 

Concentration  (micrograms  purged)  *  (A6Cis^Ais^ 

where:  A  «  Area  of  the  characteristic  ion  for  the  analyte 
6 

to  be  measured, 

A.  «  Area  of  the  characteristic  ion  for  the 
1  s 

internal  standard, 

C  -  Micrograns  of  the  internal  standard  purged, 
and 

RF  ■  Response  factor  of  the  internal  standard 
(RF-1). 
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2.  Estimates  of  concentrations  of  these  undocumented 

compounds  will  be:  (1)  reported  to  only  one  significant 
figure,  and  (2)  reported  as  the  concentration  in  the 
original  matrix  assuming  100-percent  recovery  relative 
to  the  closest  eluting  internal  standard. 
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OBTL  volatiles  in  SOIL  (N-9) 


Analyte 

Surrogate:  D2-Methylene  Chloride 
Methylene  Chloride 

1 . 1- Di chi oroe  thane 
trans-1 ,2-Dichloroethene 
Chloroform 

Surrogate:  D4-1 ,2-Dichloroethane 

1 .2- Dichloroethane 

1.1. 1- Trichloroethane 
Carbon  Tetrachloride 
Bicycloheptadiene 

Dime  thyl di sul f id  e 
Trichloroethene 

1 .1.2- Trichl oroe thane 
Benzene 

Me thyl iso butyl  Ketone 

Tetrachloroethene 

Toluene 

Dicyclopentadiene 

Chlorobenze ne 

Surrogate:  Dl O-Ethylbenzene 

Ethylbenzene 

Dibromochloropropane 

m-Xylene 

o&p-Xylene 


Code 

Accuracy 

Range  (pg/g) 

CD2CL2 

0.847 

0.4-25 

CH2CL2 

0.612 

2-25 

1 1DCLE 

0.799 

2-25 

T12DCE 

0.807 

2-25 

CHCL3 

1.045 

0.3-5 

12DCD4 

0.752 

0.3-25 

12DCLE 

1.000 

0.6-5 

111TCE 

1.044 

0.4-10 

CCL'4 

1.077 

0.3-10 

BCHPD 

1.000 

0.4-10 

DMDS 

0.572 

10-2  5 

TRCLE 

1.150 

0.5-25 

112TCE 

1.079 

0.4-25 

C6H6 

1.021 

0.3-25 

MIBK 

1.117 

0.7-25 

TCLEE 

1.121 

0.3-25 

MEC6H5 

0.964 

0.3-25 

DCPD 

0.933 

0.7-25 

aC6H5 

0.926 

1-10 

ETBD10 

0.946 

0.3-25 

ETC6H5 

0.991 

0.4-25 

DBCP 

1.218 

2-25 

13DMB 

1.336 

0.8-10 

XYLEN 

0.631 

5-50 

&EPA 


United  States 
Environmental  Protection 
Agency 


Environmental  Monitoring  and 
Support  Laboratory 
Cincinnati  OH  45268 


Research  and  Development 

Test  Method 

Purgeables  — 

Method  624 

1 .  Scope  and  Application 

1.1  This  method  covers  the  determi¬ 
nation  of  a  number  of  purgeable 
organics.  The  following  parameters 
may  be  determined  by  this  method: 

Parameter  STORET  No. 

QAmn 

CAS  No. 

71-43-2 

HCi  it 

Bromodichloromethane 

Bromoform 

Bromomethane 

Carbon  tetrachloride 

Chlorobenzene 

Chloroethane 

2-Chloroethylvinyl  ether 

Chloroform 

Chloromethane 

Dibromochioromethane 

1 .2- Dichlorobenzene 

1.3- Dichlorobenzene 

1 .4- Dichlorobenzene 

1.1- Dichloroethane 

1 .2- Dichloroethane 

1 .1- Dichloroethene 
trans-1 ,2-Dichloroethene 

1 .2- Dichloropropane 
cis-1 ,3-Dichloropropene 
trans-1 ,3-Dichioropropene 
Ethyl  benzene 
Methylene  chloride 

1 .1 .2.2- Tetrachloroethane 
Tetrachloroethene 
Toluene 

1,1,1  -Trichloroethane 

1 .1 .2 - Trichloroethane 
Trichloroethane 
Trichlorofluoromethane 
Vinyl  chloride 

1 .2  The  method  may  be  extended  to 
screen  temples  for  acrolein  (STORET 
No.  34210,  CAS  No.  107-02-B)  and 
acrylonitrile  (STORET  3421 5,  CAS  No. 
107-1 3-1 ).  however,  the  preferred 


32101 

32104 
34413 

32102 
34301 
34311 
34576 
32106 
34418 

32105 
34536 
34566 
34571 
34496 
34531 
34501 
34546 
34541 
34704 
34699 
34371 
34423 
34516 
34475 
34010 
34506 
34511 
39180 
34488 
39175 


75-27-4 

75-25-2 

74- 83-9 
56-23-5 

108-90-7 

75- 00-3 
110-75-8 

67-66-3 

74- 87-3 
124-48-1 

95-50-1 

641-73-1 

106- 46-7 

75- 34-3 

107- 06-2 
75-35-4 

156-60-5 

78- 87-5 
10061-01-5 
10061-02-6 

100-41-4 

75-09-2 

79- 34-5 
127-18-4 

108- 88-3 
71-55-6 
79-00-5 
79-01-6 
75-69-4 
75-01-4 


method  for  these  two  compounds  is 
method  603. 

1.3  This  is  a  purge  and  trap  gas 
chromatographic/mass  spectrometer 
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(GC/MS)  method  applicable  to  the  < 

determination  of  the  compounds  hated  i 
above  in  municipal  and  industrial 
discharges  as  provided  under  40  CFR 
136.1. 

1 .4  The  method  detection  limit  (MDl, 
defined  in  Section  14.1  >< 11  for  each 
parameter  is  listed  in  Table  1 .  The  MDL 
for  a  specific  wastewater  differ  from 
those  listed,  depending  upon  the 
nature  of  interferences  in  the  sample 
matrix. 

1 .5  Until  the  U.S.  Environmental  Pro¬ 
tection  Agency  establishes  perfor¬ 
mance  criteria  based  upon  the  results 
of  interlaboratory  testing,  any 
alternative  GC/MS  method  which 
meets  the  performance  criteria 
described  in  Section  8.2  will  be 
permitted.  Performance  must  be 
verified  for  such  modification  by 
analyzing  wastewater  as  described  in 
Section  8.2.2.  In  addition,  the 
laboratory  must  successfully  partici¬ 
pate  in  the  applicable  performance 
evaluation  studies. 

1 .6  This  method  is  restricted  to  use 
by  or  under  the  supervision  of  analysts 
experienced  in  the  use  of  purge  and 
trap  systems  and  gas  chromatograph/ 
mass  spectrometers  and  skilled  in  the 
interpretation  of  mass  spectra.  Each 
analyst  must  demonstrate  the  ability  to 
generate  acceptable  results  with  this 
method  using  the  procedure  described 
in  Section  8.2. 

2.  Summary  of  Method 

2.1  An  inert  gas  is  bubbled  through  a 

5-mL  sample  contained  in  a  specially- 
designed  purging  chamber  at  ambient 
temperature.  The  purgeables  are 
efficiently  transferred  from  the 
aq-ss-s  phase  to  the  vapor  phase.  The 
vapor  is  swept  through  a  sorbent 
column  where  the  purgeables  are 
trapped.  After  purging  is  completed, 
the  sorbent  column  is  heated  and 
backflushed  with  the  inert  gas  to 
desorb  the  purgeables  onto  a  gas 
chromatographic  column.  The  gas 
chromatograph  is  temperature 
programmed  to  separate  the 
purgeables  which  are  then  detected 

with  a  mass  spectrometer^. 3). 

3.  InterforencM 

3.1  Impurities  in  the  purge  gas. 
organic  compounds  out-gassing  from 
the  plumbing  ahead  of  the  trap  and 
solvent  vapors  in  the  laboratory 
account  for  the  majority  of  contamina¬ 
tion  problems.  The  analytical  system 
must  be  demonstrated  to  be  free  from 
contamination  under  the  conditions  of 


the  analysis  by  running  laboratory  i 

reagent  blanks  as  described  in  Section 
8.5.  The  use  of  non-TFE  plastic  tubing,  i 
non-TFE  thread  sealants,  or  flow 
controllers  with  rubber  components  in 
the  purging  device  should  be  avoided. 

3.2  Samples  can  be  contaminated  by 
diffusion  of  volatile  organics  (particu¬ 
larly  fluorocarbons  and  methylene 
chloride)  through  the  septum  seal  into 
the  sample  during  shipment  and 
storage.  A  field  reagent  blank  prepared 
from  reagent  water  and  carried  through 
the  sampling  and  handling  protocol  can 
serve  as  a  check  on  such 
contamination. 

3.3  Contamination  by  carry  over  can 
occur  whenever  high  level  and  low 
level  samples  are  sequentially 
analyzed.  To  reduce  carry  over,  the 
purging  device  and  sample  syringe 
must  be  rinsed  with  reagent  water 
between  sample  analyses.  Whenever 
an  unusually  concentrated  sample  is 
encountered,  it  should  be  followed  by 
an  analysis  of  reagent  water  to  check 
for  cross  contamination.  For  samples 
containing  large  amounts  of  water- 
soluble  materials,  suspended  solids, 
high  boiling  compounds  or  high  purge- 
able  levels,  it  may  be  necessary  to 
wash  out  the  purging  device  with  a 
detergent  solution,  rinse  it  with  distilled 
water,  and  then  dry  it  in  a  105  °C  oven 
between  analyses.  The  trap  and  other 
parts  of  the  system  are  also  subject  to 
contamination;  therefore,  frequent 
bakeout  and  purging  of  the  entire 
system  may  be  required. 

4.  Safety 

4.1  The  toxicity  or  carcinogenicity  of 
each  reagent  used  in  this  method  has 
not  been  precisely  defined;  however, 
i  each  chemical  compound  should  be 
treated  as  a  potential  health  hazard. 
From  this  viewpoint,  exposure  to  these 
chemicals  must  be  reduced  to  the 
lowest  possible  level  by  whatever 
means  available.  The  laboratory  is 
responsible  for  maintaining  a  current 
awareness  file  of  OSH  A  regulations 
regarding  the  safe  handling  of  the 
chemicals  specified  in  this  method.  A 
reference  file  of  material  data  handling 
sheets  should  also  be  made  available  to 
all  personnel  involved  in  the  chemical 
analysis.  Additional  references  to 
laboratory  safety  are  available  and 
have  been  identified'5-71  for  the 
information  of  the  analyst. 

4.2  The  following  parameters 
covered  by  this  method  have  been 
tentatively  classified  as  known  or 
i  suspected,  human  or  mammalian 

f  carcinogens:  benzene,  carbon 


tetrachloride,  chloroform, 

1 ,4-dichlorobenzene,  and  vinyl 
chloride.  Primary  standards  of  these 
toxic  compounds  should  be  prepared  in 
a  hood.  A  NIOSH/MESA  approved 
toxic  gas  respirator  should  be  worn 
when  the  analyst  handles  high 
concentrations  of  these  toxic 
compounds. 

5.  Apparatus  and  Materials 

6. 1  Sampling  equipment,  for  discrete 
sampling. 

5. 1. 1  Vial-  25-mL  capacity  or  larger, 
equipped  with  a  screw  cap  with  hole  in 
center  (Pierce  #1 3075  or  equivalent). 
Detergent  wash,  rinse  with  tap  and 
distilled  water,  and  dry  at  1 05  °C 
before  use. 

5. 1.2  Septum— Teflon-faced  silicone 
(Pierce  #1 2722  or  equivalent). 

Detergent  wash,  rinse  with  tap  and 
distilled  water,  and  dry  at  1 05  °C  for 
one  hour  before  use. 

5.2  Purge  and  trap  device— The 
purge  and  trap  device  consists  of  three 
separate  pieces  of  equipment:  the 
sample  purger,  trap,  and  the  desorber. 
Several  complete  devices  are  now 
commercially  available. 

S.2. 1  The  sample  purger  must  be 
designed  to  accept  5-mL  samples  with 
a  water  column  at  least  3  cm  deep. 

The  gaseous  head  space  between  the 
water  column  and  the  trap  must  have  a 
total  volume  of  less  than  1 5-mL.  The 
purge  gas  must  pass  through  the  water 
column  as  finely  divided  bubbles  with  a 
diameter  of  less  than  3  mm  at  the 
origin.  The  purge  gas  must  be  intro¬ 
duced  no  more  than  5  mm  from  the 
base  of  the  water  column.  The  sample 
purger,  illustrated  in  Figure  1 ,  meets 
these  design  criteria. 

5.2.2  The  trap  must  be  at  least  25 
cm  long  and  have  an  inside  diameter  of 
at  least  0.105  inch.  The  trap  must  be 
packed  to  contain  the  following  mini¬ 
mum  lengths  of  adsorbents:  1 .0  cm  of 
methyl  silicone  coated  packing  (Sec¬ 
tion  6.3.2).  1 5  cm  of  2,6-dipnenylene 
oxide  polymer  (Section  6.3.1 ),  and  8 

0  cm  of  silica  gel,  (Section  6.3.3).  The 

minimum  specifications  for  the  trap  are 
Illustrated  in  Figure  2. 

8.2.3  The  desorber  should  be 
capable  of  rapidly  heating  the  trap  to 
1 80  °C.  The  polymer  section  of  the 
trap  should  not  be  heated  higher  than 
1 80  eC  and  the  remaining  sections 
should  not  exceed  220  °C.  The 
desorber  design,  illustrated  in  Figure  Z, 
meets  these  criteria. 
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5 ,2.4  The  purge  and  trap  device  may 
be  assembled  as  a  separate  unit  or  be 
coupled  to  a  gas  chromatograph  as 
illustrated  in  Figures  3  and  4. 

6.3  GC/MS  system. 

5.3. 1  Gas  chromatograph— An  ana¬ 
lytical  system  complete  with  a  temper¬ 
ature  programmable  gas  chromato¬ 
graph  suitable  for  on-column  injection 
end  all  required  accessories  including 
syringes,  analytical  columns,  and 
gases. 

5.3.2  Column— 6  ft  long  *  0.1  in  ID 
stainless  steel  or  glass,  packed  with 
1%  SP-1000  on  Carbop8tk  B  (60/80 
mesh)  or  equivalent.  This  column  was 
used  to  develop  the  method  perfor¬ 
mance  statements  in  Section  14. 
Guidelines  for  the  use  of  alternate 
column  packings  are  provided  in 
Section  11.1. 

53  3  Mass  spectrometer -Capable 
of  scanning  from  20  to  260  amu  every 
seven  seconds  or  less,  utilizing  70 
volts  (nominal)  electron  energy  in  the 
electron  impact  ionization  mode  and 
producing  a  mass  spectrum  which 
meets  all  the  criteria  in  Table  2  when 
50  ng  of  4-bromofiuorobenzene  (BFB) 
is  injected  through  the  gas  chromato¬ 
graph  inlet. 

5.3.4  GC/MS  interface- Any  gas 
chromatograph  to  mass  spectrometer 
interface  that  gives  acceptable 
calibration  points  at  50  ng  or  less  per 
•injection  for  each  of  the  parameters  of 
interest  and  achieves  all  acceptable 
performance  criteria  (see  Section  1 0) 
mBy  be  used.  Gas  chromatograph  to 
mass  spectrometer  interfaces  con¬ 
structed  of  all-glass  or  glass-lined 
materials  are  recommended.  Glass  can 
be  deactivated  by  silanizing  with 
dichloro-dimethylsilane. 

5. 3. 5  Data  system — A  computer 
system  must  be  interfaced  to  the  mass 
spectrometer  that  allows  the 
continuous  acquisition  and  storage  on 
machine  readable  media  of  all  mass 
spectra  obtained  throughout  the 
duration  of  the  chromatographic 
program.  The  computer  must  have 
software  that  allows  searching  any 
GC/MS  data  file  for  ions  of  a  specified 
mass  and  plotting  such  ion  abundances 
versus  time  or  scan  number.  This  type 
of  plot  is  defined  as  an  Extracted  Ion 
Current  Profile  (EICP).  Software  must 
also  be  available  that  allows  integrating 
the  abundance  in  any  EICP  between 
specified  time  or  scan  number  limits. 

6.4  Syringes-  5-mL  glass  hypoder¬ 
mic  with  Luerlok  tip  (two  each),  if 
applicable  to  the  purging  device. 


6.5  Micro  syringes— 25-mL,  0.006 
Inch  ID  needle. 

6  6  Syringe  valve -two-way,  with 
Luer  ends  (three  each),  if  applicable  to 
the  purging  device. 

6.7  Syringe  -  5-mL,  gas-tight  with 
shut-off  valve. 

6.8  Bottle- 1 5-mL,  screw-csp,  with 
Teflon  cap  liner. 

6.9  Balance -Analytical,  capable  of 
accurately  weighing  0.0001  g. 


6.  Reagents 

6.1  Reagent  water- Reagent  water  is 
defined  as  a  water  in  which  an  inter- 
ferent  is  not  observed  Bt  the  MDL  of 
the  parameters  of  interest. 

6. 1. 1  Reagent  water  may  be  gener¬ 
ated  by  passing  tap  wBter  through  a 
carbon  fitter  bed  containing  about  453 
g  of  activated  carbon  (Calgon  Corp., 
Filtrasorb-300  or  equivalent). 

5. 1.2  A  water  purification  system 
(Millipore  Super-Q  or  equivalent)  may 
be  used  to  generate  reagent  water. 

6. 1.3  Reagent  water  may  also  be 
prepared  by  boiling  water  for  15 
minutes.  Subsequently,  while  maintain¬ 
ing  the  temperature  at  90  °C,  bubble  a 
contaminant-free  inert  gas  through  the 
water  for  one  hour.  While  still  hot, 
transfer  the  water  to  a  narrow-mouth 
screw-cap  bottle  and  seal  with  a 
Teflon-lined  septum  and  cap. 

6.2  Sodium  thiosulfate— (ACS) 
Granular. 

6.3  Trap  materials 

6.3. 1  2,6-Diphenylene  oxide 
polymer— Tenax  (60/80  mesh), 
chromatographic  grade  or  equivalent. 

6.3.2  Methyl  silicone  packing-3% 
OV-1  on  Chromosorb-W  (60/80  mesh) 
or  equivalent. 

6.3.3  Silica  get,  Davison  Chemical, 
(35/60  mesh),  grade- 1 5  or  equivalent. 

6 .4  Methanol  -  Pesticide  quality  or 
equivalent. 

6 . 5  Stock  standard  solutions  -  Stock 
standard  solutions  may  be  prepared 
from  pure  standard  materials  or 
purchased  as  certified  solutions. 
Prepare  stock  standard  solutions  in 
methanol  using  essayed  liquids  or 
gases  as  appropriate.  Because  of  the 
toxicity  of  some  of  the  otganohalides, 
primary  dilutions  of  these  materials 
should  be  prepared  in  a  hood.  A 
NIOSH/MESA  approved  toxic  gas 
respirator  should  be  used  when  the 


analyst  handles  high  concentrations  of 
such  materials. 

6. 5. 1  Place  about  9 .8  mL  of 
methanol  into  a  1 0-mL  ground  glass 
stoppered  volumetric  flask.  Allow  the 
flask  to  stand,  unstoppered,  for  about 
1 0  minutes  or  until  all  alcohol  wetted 
surfaces  have  dried.  Weigh  the  flask  to 
the  nearest  0. 1  mg. 

6. 5.2  Add  the  assayed  reference 
material  as  described  below: 

6.5.2. 1  Liquids  -  Using  a  1 00-jiL 
syringe,  immediately  add  two  or  more 
drops  of  assayed  reference  material  to 
the  flask,  then  reweigh.  The  liquid 
must  fall  directly  into  the  alcohol 
without  contacting  the  neck  of  the 
flask. 

6. 5.2.2  Gases-To  prepare  standards 
for  any  of  the  four  halocarbons  that 
boil  below  30  °C  (bromomethane, 
chloroethane,  chloromethane.  and  vinyl 
chloride),  fill  a  5-mL  valved  gas-tight 
syringe  with  the  reference  standard  to 
the  5.0-mL  mark.  Lower  the  needle  to 
5  mm  above  the  methanol  meniscus. 
Slowly  introduce  the  reference  stan¬ 
dard  above  the  surface  of  the  liquid. 

The  heavy  gas  rapidly  dissolves  in  the 
methanol. 

6.5.3  Reweigh,  dilute  to  volume, 
stopper,  then  mix  by  inverting  the  flask 
several  times.  Calculate  the  concentra¬ 
tion  in  micrograms  per  microliter  from 

the  net  gain  in  weight .  When 

compound  purity  is  assayed  to  be  96% 
or  greater,  the  weight  may  be  used 
without  correction  to  calculate  the 
concentration  of  the  stock  standard. 
Commercially  prepared  stock  standards 
may  be  used  at  any  concentration  if 
they  are  certified  by  the  manufacturer 
or  by  an  independent  source. 

6.5.4  Transfer  the  stock  standard 
solution  into  a  Teflon-sealed  screw-cap 
bottle.  Store,  with  minimal  headspace, 
at  - 1 0  0  to  -  20  °C  and  protect  from 
light. 

6. 5. 5  Prepare  fresh  standards  weekly 
for  the  four  gases  and  2-chloroethyl- 
vinyl  ether.  All  other  standards  must  be 
replaced  after  one  month,  or  sooner  if 
comparison  with  check  standards  indi¬ 
cate  a  problem. 

6.6  Secondary  <6lution  standards— 
Using  stock  standard  solutions,  prepare 
secondary  dilution  standards  in 
methanol  that  contain  the  compounds 
of  interest,  either  singly  or  mixed 
together.  The  secondary  dilution 
standards  should  be  prepared  at 
concentrations  such  that  the  aqueous 
calibration  standards  prepared  in 
Section  7.3.1  or  7.4.1  will  bracket  the 
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working  range  of  the  analytical  system. 
Secondary  dilution  standards  should  be 
stored  with  minimal  headspace  and 
should  be  checked  frequently  for  signs 
of  degradation  or  evaporation,  espe¬ 
cially  just  prior  to  preparing  calibration 
standards  from  them.  Quality  control 
check  standards  that  can  used  to 
determine  the  accuracy  of  calibration 
standards,  will  be  available  from  the 
U.S.  Environmental  Protection  Agency, 
Environmental  Monitoring  and  Support 
Laboratory,  Cincinnati,  Ohio  45268. 

6.7  Surrogate  standard  spiking 
solution- Select  a  minimum  of  three 
surrogate  compounds  from  Table  3. 
Prepare  stock  standard  solutions  for 
each  surrogate  standard  in  methanol  as 
described  in  Section  6.5.  Prepare  a 
surrogate  standard  spiking  solution 
from  these  stock  standards  at  a  con¬ 
centration  of  1 50  ><g/1 0  mL  in  water. 
Store  the  spiking  solution  at  4  °C  in 
Teflon  sealed  glass  containers  with  a 
minimum  of  headspace.  The  solutions 
should  checked  frequently  for  stability. 
They  should  be  replaced  after  six 
months.  The  addition  of  1 0  >4-  of  this 
solution  to  5  mL  of  sample  or  standard 
is  equivalent  to  a  concentration  of  30 
jjg/L  of  each  surrogate  standard. 
Surrogate  standard  spiking  solutions, 
appropriate  for  use  with  this  method, 
will  be  available  from  the  U.S. 
Environmental  Protection  Agency, 
Environmental  Monitoring  and  Support 
Laboratory,  Cincinnati.  Ohio  45268. 

6.8  BFB  Standard -Prepare  a  25 
l<g/fiL  solution  of  BFB  in  methanol. 

7.  Calibration 

7.1  Assemble  a  purge  and  trap 
device  that  meets  the  specifications  in 
Section  5.2.  Condition  the  trap  over¬ 
night  at  1 80  nC  by  back  flushing  with 
an  inert  gas  flow  of  at  least  20 
mL/min.  Prior  to  use.  daily  condition 
traps  10  minutes  while  backflushing  at 
180°C. 

7.2  Connect  the  purge  and  trap 
device  to  a  gas  chromatograph.  The 
gas  chromatograph  must  be  operated 
using  temperature  and  flow  rate 
parameters  equivalent  to  those  in  Table 
1 .  Calibrate  the  purge  and  trap-GC/MS 
system  using  either  the  external  stan¬ 
dard  technique  (Section  7.3)  or  the 
internal  standard  technique  (Section 
7.4). 

7.3  External  standard  calibration 
procedure: 

7.3. 1  Prepare  calibration  standards 
at  a  minimum  of  three  concentration 
levels  for  each  parameter  by  carefully 
adding  20.0  yL  of  one  or  more  secon¬ 


dary  dilution  standards  to  50,  250,  or 
500  mL  of  reagent  water.  A  25-fA- 
syringe  with  a  0.006  inch  ID  needle 
should  be  used  for  this  operation.  One 
of  the  external  standards  should  be  at  a 
concentration  near,  but  above,  the 
MDl  (See  Table  1 1  and  the  other 
concentrations  should  correspond  to 
the  expected  range  of  concentrations 
found  in  real  samples  or  should  define 
the  working  range  of  the  GC/MS 
system.  Aqueous  standards  may  be 
stored  up  to  24  hours,  if  held  in  sealed 
vials  with  zero  headspace  as  described 
in  Section  9.2.  If  not  so  stored,  they 
must  be  discarded  after  one  hour. 

7.3.2  Analyze  each  calibration 
standard  according  to  Section  1 1 ,  and 
tabulate  the  area  response  of  the 
primary  characteristic  ion  (See  Table  4) 
against  the  concentration  in  the 
standard.  The  results  can  be  used  to 
prepare  a  calibration  curve  for  each 
compound.  Alternatively,  if  the  ratio  of 
response  to  concentration  (calibration 
factor)  is  a  constant  over  the  working 
range  (<10%  relative  standard  devia¬ 
tion,  RSD).  linearity  through  the  origin 
can  be  assumed  and  the  average  ratio 
or  calibration  factor  can  be  used  in 
place  of  a  calibration  curve. 

7.3.3  The  working  calibration  curve 
or  calibration  factor  must  be  verified  on 
each  working  day  by  the  measurement 
of  one  or  more  calibration  standards.  If 
the  response  for  any  parameter  varies 
from  the  predicted  response  by  more 
than  ±  1 0% .  the  test  must  be  repeated 
using  a  fresh  calibration  standard. 
Alternatively,  a  new  calibration  curve 
or  calibration  factor  must  be  prepared 
for  that  parameter. 

7.4  Internal  standard  calibration 
procedure.  To  use  this  approach,  the 
analyst  must  select  one  or  more 
internal  standards  that  are  similar  in 
analytical  behavior  to  the  compounds 
of  interest.  The  analyst  must  further 
demonstrate  that  the  measurement  of 
the  internal  standard  is  not  affected  by 
method  or  matrix  interferences. 
Because  of  these  limitations,  no 
internal  standard  can  be  suggested  that 
is  applicable  to  all  samples.  Due  to  their 
generally  unique  retention  times, 
bromochloromethane,  2-bromo-1- 
chloropropane,  and  1 ,4-dichlorobutane 
have  been  used  successfully  as  internal 
standards. 

7.4. 1  Prepare  calibration  standards 
at  a  minimum  of  three  concentration 
levels  for  each  parameter  of  interest  as 
described  in  Section  7.3.1 . 

7.4.2  Prepare  a  spiking  solution 
containing  each  of  the  internal 


standards  using  the  procedures 
described  in  Sections  6.5  and  6.6.  It  is 
recommended  that  the  secondary  dilu¬ 
tion  standard  be  prepared  at  a  concen¬ 
tration  of  1 5  pg/mL  of  each  internal 
standard  compound.  The  addition  of 
10  pL  of  this  standard  to  5.0  mL  of 
sample  or  calibration  standard  would 
be  equivalent  to  30  pg/L. 

7.4.3  Analyze  each  calibration 
standard,  according  to  Section  11, 
adding  1 0  pL  of  internal  standard 
spiking  solution  directly  to  the  syringe 
(Section  1 1 .4).  Tabulate  the  area 
response  of  the  characteristic  ions 
against  concentration  for  each 
compound  and  internal  standard  and 
calculate  response  factors  (RF)  for 
each  compound  using  equation  1 . 

Eq.  1  RF  =  (A.C.I/IAaC.) 
where: 

A,  ■  Area  of  the  characteristic  ion 
for  the  parameter  to  be 
measured. 

Ajt  *  Area  of  the  characteristic  ion 
for  the  internal  standard. 

C,t  *  Concentration  of  the  internal 
standard. 

C,  *  Concentration  of  the 

parameter  to  be  measured. 

H  the  RF  value  over  the  working  range 
is  a  constant  «10%  RSD).  the  RF  can 
be  assumed  to  be  invariant  and  the 
average  RF  can  be  used  for 
calculations.  Alternatively,  the  results 
can  be  used  to  plot  a  calibration  curve 
or  response  ratios,  A,/AB,  vs.  RF. 

7.4.4  The  working  calibration  curve 
or  RF  must  be  verified  on  each  working 
day  by  the  measurement  of  one  or 
more  calibration  standards.  If  the 
response  for  any  parameter  varies  from 
the  predicted  response  by  more  than 

±  1 0% ,  the  test  must  be  repeated 
using  a  fresh  calibration  standard. 
Alternatively,  a  new  calibration  curve 
must  be  prepared  for  that  compound. 

8.  Quality  Control 

8.1  Each  laboratory  that  uses  this 
method  is  required  to  operate  a  formal 
quality  control  program.  The  minimum 
requirements  of  this  program  consist  of 
an  initial  demonstration  of  laboratory 
capability  and  the  analysis  of  spiked 
samples  as  a  continuing  check  on 
performance.  The  laboratory  is  required 
to  maintain  performance  records  to 
define  the  quality  of  data  that  is 
generated.  Ongoing  performance 
checks  must  be  compared  with 
established  performance  criteria  to 
determine  if  the  results  of  analyses  are 
within  accuracy  and  precision  limits 
expected  of  the  method. 
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8.1.1  Before  performing  any 
analyses,  the  analyst  must 
demonstrate  the  ability  to  generate 
acceptable  accuracy  and  precision  with 
this  method.  This  ability  is  established 
as  described  in  Section  8.2. 

8. 1.2  In  recognition  of  the  rapid 
advances  that  are  occurring  in  chroma¬ 
tography,  the  analyst  is  permitted  to 
certain  options  to  improve  the  separa¬ 
tions  or  lower  the  cost  of  measure¬ 
ments.  Each  time  such  modifications 
are  made  to  the  method,  the  analyst  is 
required  to  repeat  the  procedure  in 
Section  8.2. 

8. 1.3  The  laboratory  must  spike  all 
samples  with  surrogate  standards  to 
monitor  continuing  laboratory 
performance.  This  procedure  is 
described  in  Section  8.4. 

8.2  To  establish  the  ability  to 
generate  acceptable  accuracy  and 
precision,  the  analyst  must  perform  the 
following  operations. 

8.2. 1  Select  a  representative  spike 
concentration  for  each  parameter  to  be 
measured.  Using  stock  standards, 
prepare  a  quality  control  check  sample 
concentrate  in  methanol  500  times 
more  concentrated  than  the  selected 
concentrations.  Quality  control  check 
sample  concentrates,  appropriate  for 
use  with  this  method,  will  be  available 
from  the  U.S.  Environmental  Protection 
Agency.  Environmental  Monitoring  and 
Support  Laboratory,  Cincinnati,  Ohio 
45268. 

8.2.2  Using  a  syringe,  add  1 0  til  of 
the  check  sample  concentrate  and  1 0 
pL  of  the  surrogate  standard  dosing 
solution  (Section  6.7)  to  each  of  a 
minimum  of  four  5-mL  aliquots  of 
reagent  water.  A  representative 
wastewater  may  be  used  in  place  of 
the  reagent  water,  but  one  or  more 
additional  aliquots  must  be  analyzed  to 
determine  background  levels,  and  the 
spike  level  must  exceed  twice  the 
background  level  for  the  test  to  be 
valid.  Analyze  the  aliquots  according  to 
the  method  beginning  in  Section  1 1 . 

8.2.3  Calculate  the  average  percent 
recovery,  (R).  end  the  standard  devia¬ 
tion  of  the  percent  recovery  (s).  for  all 
parameters  and  surrogate  standards. 
Wastewater  background  corrections 
must  be  made  before  R  and  s  calcu¬ 
lations  are  performed. 

8.2.4  Using  Table  5,  note  the 
average  recovery  (X)  and  standard 
deviation  (p)  expected  for  each  method 
parameter.  Compare  these  to  the 
calculated  values  for  R  and  s.  H  s  >  p  or 
|X-Rj  >  p.  review  potential  problem 
areas  and  repeat  the  test. 


8.2.5  The  U.S.  Environmental  Pro¬ 
tection  Agency  plans  to  establish 
performance  criteria  for  R  and  s  based 
upon  the  results  of  interlabor8tory 
testing.  When  they  become  available, 
these  criteria  must  be  met  before  any 
samples  may  be  analyzed. 

8.3  The  analyst  must  calculate 
method  performance  criteria  for  each 
of  the  surrogate  standards. 

8.3. 1  Calculate  upper  and  lower 
control  limits  for  method  performance 
for  each  surrogate  standard,  using  the 
values  for  R  and  s  calculated  in  Section 
8.2.3. 

Upper  Control  Limit  (UCL)  =  R  +  3s 
Lower  Control  Limit  (LCL)  *  R  -  3s 

The  UCL  and  LCL  can  be  used  to 
construct  control  charts16'  that  are 
useful  in  observing  trends  in 
performance.  The  control  limits  above 
must  be  replaced  by  method  perfor¬ 
mance  criteria  as  they  become  avail¬ 
able  from  the  U.S.  Environmental 
Protection  Agency. 

8.3.2  For  each  surrogate  standard, 
the  laboratory  must  develop  and  main¬ 
tain  separate  accuracy  statements  of 
laboratory  performance  for  wastewater 
samples.  An  accuracy  statement  for 
the  method  is  defined  as  R  ±  s.  The 
accuracy  statement  should  be 
developed  by  the  analysis  of  four 
aliquots  of  wastewater  as  described  in 
Section  8.2.2,  followed  by  the  calcu¬ 
lation  of  R  and  s.  Alternately,  the 
analyst  may  use  four  wastewater  data 
points  gathered  through  the  require¬ 
ment  for  continuing  quality  control  in 
Section  8.4.  The  accuracy  statements 
should  be  updated  regularly<6>. 

8.4  The  laboratory  is  required  to 
spike  all  of  their  samples  with  the 
surrogate  standard  spiking  solution  to 
monitor  spike  recoveries.  If  the 
recovery  for  any  surrogate  standard 
does  not  fall  within  the  control  limits 
for  method  performance,  the  results 
reported  for  that  sample  must  be 
qualified  as  described  in  Section  13.3. 
The  laboratory  should  monitor  the 
frequency  of  date  so  qualified  to 
ensure  that  it  remains  at  or  below  5%. 

8.5  Each  day,  the  analyst  must 
demonstrate,  through  the  analysis  of 
reagent  water,  that  interferences  from 
the  analytical  system  are  under  control. 

8.6  It  is  recommended  that  the 
laboratory  adopt  additional  quality 
assurance  practices  for  use  with  this 
method.  The  specific  practices  that  are 
most  productive  depend  upon  the 
needs  of  the  laboratory  and  the  nature 


of  the  samples.  Field  duplicates  may  be 
analyzed  to  monitor  the  precision  of 
the  sampling  technique.  Whenever 
possible,  the  laboratory  should  perform 
analysis  of  standard  reference 
materials  and  participate  in  relevant 
performance  evaluation  studies. 

9.  Sample  Collection, 
Preservation,  and  Handling 

9.1  All  samples  must  be  iced  or 
refrigerated  from  the  time  of  collection 
until  extraction.  If  the  sample  contains 
residual  chlorine,  add  sodium 
thiosulfate  preservative  (10  mg/40  mL 
is  sufficient  for  up  to  5  ppm  CI2)  to  the 
empty  sample  bottles  just  prior  to 
shipping  to  the  sampling  site.  U.S. 
Environmental  Protection  Agency 
methods  330.4  and  330.5  may  be 
used  for  measurement  of  residual 
chlorine161.  Field  test  kits  are  available 
for  this  purpose. 

9.2  Grab  samples  must  be  collected 
in  glass  containers  having  a  total 
volume  of  at  least  25  mL.  Fill  the 
sample  bottle  just  to  overflowing  in 
such  a  manner  that  no  air  bubbles  pass 
through  the  sample  as  the  bottle  is 
being  filled.  Seal  the  bottle  so  that  no 
air  bubbles  are  entrapped  in  it.  If 
preservative  has  been  added,  shake 
vigorously  for  one  minute.  Maintain  the 
hermetic  seal  on  the  sample  bottle  until 
time  of  analysis. 

9.3  Experimental  evidence  indicates 
that  some  aromatic  compounds, 
notably  benzene,  toluene,  and  ethyl 
benzene  are  susceptible  to  rapid 
biological  degradation  under  certain 
environmental  conditions131. 
Refrigeration  along  may  not  be 
adequate  to  preserve  these  compounds 
in  wastewaters  for  more  than  seven 
days.  For  this  reason,  a  separate 
sample  should  be  collected,  acidified, 
and  analyzed  when  these  aromatics  are 
to  be  determined.  Collect  about  500 
mL  of  sample  in  a  clean  container . 
Adjust  the  pH  of  the  sample  to  about  2 
by  adding  HCI  (1  + 1 )  while  stirring. 
Check  pH  with  narrow  range  (1 .4  to 
2.8)  pH  paper.  Fill  a  sample  container 
as  described  in  Section  9.2.  If  chlorine 
residual  is  present,  add  sodium  thio¬ 
sulfate  to  another  sample  container 
and  fill  as  in  Section  9.2  and  mix 
thoroughly. 

9.4  All  samples  must  be  analyze 
within  14  days  of  collection. 

10.  Dally  GC/MS  Performance 

Teats 

10.1  At  the  beginning  of  each  day 
that  analyses  are  to  be  performed,  the 
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GC/MS  system  must  be  checked  to  see 
if  acceptable  performance  criteria  are 
achieved  for  BFBn0>.  The  performance 
test  must  be  passed  before  any  . 
samples,  blanks,  or  standards  are 
analyzed,  unless  the  instrument  has 
met  the  DFTPP  test  described  in 
method  625  earlier  in  the  day'11*. 

10.2  These  performance  tests 
require  the  following  instrumental 
parameters. 

Electron  Energy:  70  Volts  (nominal) 
Mass  Range:  20  to  260 

Scan  Time.  to  give  at  least  5 
scans  per  peak  but 
not  to  exceed  7 
seconds  per  scan. 

10.3  At  the  beginning  of  each  day, 
inject  2  hL  °f  BFB  solution  directly  on 
column.  Alternately,  add  2  »iL  of  BFB 
solution  to  5.0  mL  of  reagent  water  or 
standard  solution  and  analyze 
according  to  Section  1 1 .  Obtain  a 
background  corrected  mass  spectrum 
of  BFB  and  check  that  all  the  key  ion 
criteria  in  Table  2  are  achieved.  If  all 
the  criteria  are  not  achieved,  the 
analyst  must  retune  the  mass 
spectrometer  and  repeat  the  test  until 
all  criteria  are  achieved. 

1 1 .  Sample  Extraction  and 
Gas  Chromatography 

11,1  Table  1  summarizes  the 
recommended  operating  conditions  for 
the  gas  chromatograph.  This  table 
includes  retention  times  and  method 
detection  limits  that  were  achieved 
under  these  conditions.  An  example  of 
the  parameter  separations  achieved  by 
Column  1  is  shown  in  Figure  5.  Other 
packed  columns  or  chromatographic 
conditions  may  be  used  if  the 
requirements  of  Section  8-2  are  met. 

11 .2  After  achieving  the  key  ion 
abundance  criteria  in  Section  1 0, 
calibrate  the  system  daily  as  described 
in  Section  7. 

11.3  Adjust  the  purge  gas  (helium) 
flow  rate  to  40  ±  3  mL/min.  Attach 
the  trap  inlet  to  the  purging  device,  and 
set  the  device  to  purge.  Open  the 
syringe  valve  located  on  the  purging 
device  sample  introduction  needle. 

1 1 .4  Remove  the  plunger  from  a 
5-mL  syringe  and  attach  a  closed 
syringe  valve.  Open  the  sample  or 
standard  bottle  which  has  been 
allowed  to  come  to  ambient 
temperature,  and  carefully  pour  the 
sample  into  the  syringe  barrel  to  just 
short  of  overflowing.  Replace  the 
syringe  plunger  and  compress  the 
sample.  Open  the  syringe  valve  and 
vent  any  residual  air  while  adjusting  the 


sample  volume  to  5.0  mL.  Since  this 
process  of  taking  an  aliquot  destroys 
the  validity  of  the  sample  for  future 
analysis,  the  analyst  should  fill  a 
second  syringe  at  this  time  to  protect 
against  possible  loss  of  data.  Add  10.0 
jiL  of  the  surrogate  spiking  solution 
(Section  6.7)  and,  if  applicable,  10.0 
pL  of  the  internal  standard  spiking 
solution  (Section  7.4.2)  through  the 
valve  bore,  then  close  the  valve.  The 
surrogate  and  internal  standards  may 
be  mixed  and  added  as  a  single  spiking 
solution. 

11.5  Attach  the  syringe-syringe 
valve  assembly  to  the  syringe  valve  on 
the  purging  device.  Open  the  syringe 
valves  and  inject  the  sample  into  the 
purging  chamber. 

11.6  Close  both  vslves  and  purge  the 
sample  for  1 1.0  ±  0.1  minutes  at 
ambient  temperature. 

1 1 .7  At  the  conclusion  of  the  purge 
time,  attach  the  trap  to  the 
chromatograph,  adjust  the  device  to 
the  desorb  mode,  and  begin  the  gas 
chromatographic  temperature  program. 
Concurrently,  introduce  the  trapped 
materials  to  the  gas  chromatographic 
column  by  rapidly  heating  the  trap  to 

1 80  °C  while  backflushing  the  trap 
with  an  inert  gas  between  20  and  60 
mL/min  for  four  minutes.  If  this  rapid 
heating  requirement  cannot  be  met.  the 
gas  chromatographic  column  must  be 
used  as  a  secondary  trap  by  cooling  it 
to  30  °C  (or  subambient,  if  problems 
persist)  instead  of  the  recommended 
initial  temperature  of  45  °C. 

11.8  While  the  trap  is  being  desorbed 
into  the  gas  chromatograph,  empty  the 
purging  chamber  using  the  sample 
introduction  syringe.  Wash  the 
chamber  with  two  5-mL  flushes  of 
reagent  water. 

1 1 .9  After  desorbing  the  sample  for 
four  minutes,  recondition  the  trap  by 
returning  the  purge  and  trap  device  to 
the  purge  mode.  Wait  1 5  seconds  then 
close  the  syringe  valve  on  the  purging 
device  to  begin  gas  flow  through  the 
trap.  The  trap  temperature  should  be 
maintained  at  1 80  °C.  Trap 
temperatures  up  to  230 °C  may  be 
employed,  however,  the  higher 
temperature  will  shorten  the  useful  life 
of  the  trap.  After  approximately  seven 
minutes  turn  off  the  trap  heater  and 
open  the  syringe  valve  to  stop  the  gas 
flow  through  the  trap.  When  cool,  the 
trap  is  ready  for  the  next  sample. 

11.10  If  the  response  for  any  ion 
exceeds  the  working  range  of  the 
system,  dilute  the  sample  aliquot  in  the 
second  syringe  with  reagent  water  and 
reanalyze. 


12.  Qualitative  Identification 

12.1  Obtain  EICPs  for  the  primary  ion 
(Table  4)  and  at  least  two  secondary 
ions  for  each  parameter  of  interest.  The 
following  criteria  must  be  met  to  make 
a  qualitative  identification. 

12. 1. 1  The  characteristic  ions  of 
each  parameter  of  interest  must 
maximize  in  the  same  or  within  one 
scan  of  each  other. 

12. 1.2  The  retention  time  must  fall 
within  ±  30  seconds  of  the  retention 
time  of  the  authentic  compound. 

12. 1.3  The  relative  peak  heights  of 
the  three  characteristic  ions  in  the 
EICPs  must  fall  within  ±20%  of  the 
relative  intensities  of  these  ions  in  a 
reference  mass  spectrum.  The 
reference  mass  spectrum  can  be 
obtained  from  a  standard  analyzed  in 
the  GC/MS  system  or  from  a  reference 
library. 

12.2  Structural  isomers  that  have 
very  similar  mass  spectra  and  less  than 
30  seconds  difference  in  retention 
time,  can  be  explicitly  identified  only  if 
the  resolution  between  authentic 
isomers  in  a  standard  mix  is 
acceptable.  Acceptable  resolution  is 
achieved  if  the  baseline  to  valley  height 
between  the  isomers  is  less  than  25% 
of  the  sum  of  the  two  peak  heights. 
Otherwise,  structural  isomers  are 
identified  as  isomeric  pairs. 

13.  Calculations 

13.1  When  a  parameter  has  been 
identified,  the  quantitation  of  that 
parameter  should  be  based  on  the 
integrated  abundance  from  the  EICP  of 
the  first  listed  characteristic  ion  given 
in  Table  4.  If  the  sample  produces  an 
interference  for  the  primary  ion.  use  a 
secondary  characteristic  ion  to 
quantitate.  Quantitation  may  be 
performed  using  the  external  or  internal 
standard  techniques. 

13. 1. 1  If  the  external  standard 
calibration  procedure  is  used,  calculate 
the  concentration  of  the  parameter 
being  measured  from  the  area  of  the 
characteristic  ion  using  the  calibration 
curve  or  calibration  factor  in  Section 
7.3.2. 

13. 1.2  If  the  internal  standard 
calibration  procedure  was  used, 
calculate  the  concentration  in  the 
sample  using  the  response  factor  (RF) 
determined  in  Section  7 .4.3  and 
equation  2. 

Eq.  2. 

Concentration  pg/L  *  (A,Ca)/(Aa)(RF) 
where: 
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A,  =  Area  of  the  characteristic  ion 
for  the  parameter  or  surrogate 
standard  to  be  measured. 

Aa  *  Area  of  the  characteristic  ion 
for  the  interna!  standard. 

*  Concentration  of  the  interna! 
standard. 

13.2  Report  results  in  micrograms 
per  liter.  The  results  for  cis-  and 
trans-1 ,3  dichloropropene  should  be 
reported  as  total  1 ,3-dichloropropene 
(STORET  No.  3456 1 ,  CAS  No. 
542-75-6).  When  duplicate  and  spiked 
samples  are  analyzed,  report  all  data 
obtained  with  the  sample  results. 

13.3  If  any  of  the  surrogate  stBnoard 
recoveries  fsll  outside  the  control  limits 
which  were  established  as  directed  in 
Section  8.4.  data  for  all  parameters 
determined  by  this  method  in  th*t 
sample  must  be  labeled  as  suspect. 

14.  Method  Performance 

14.1  The  method  detection  limit 
(MDL)  is  defined  as  the  minimum 
concentration  of  a  substance  that  can 
be  measured  and  reported  with  99% 
confidence  that  the  value  is  above 
zero11!.  The  MDL  concentrations  listed 
in  Table  1  were  obtained  using  reagent 
water'1 2i.  Similar  results  were 
achieved  using  representative 
wastewaters. 

14.2  The  average  recoveries  and  the 
average  standard  deviations  of  the 
percent  recoveries,  presented  in  Table 
5,  were  the  result  of  a  study  of  the 
accuracy  and  precision  of  this  method 
by  several  laboratories.  The  values 
listed  represent  the  results  from  2  to  4 
laboratories11 3l. 

14.3  The  U.S.  Environmental  Protec¬ 
tion  Agency  is  in  the  process  of 
conducting  an  interlaboratory  method 
study  to  fully  define  the  performance 
of  this  method. 
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T*ble  1.  Chromatographic  Conditions  and  Method  Detection  Limits 


Retention  Time 
(min.) 
Column  1 


Method 
Detection 
Limit  Ipg/LI 


Parameter _ iMumn  <  . - . . 

Chloromethane  2-  3  nd 

Bromomethane  3.1 

Vinyl  chloride  3.B  . 

Chloroethane  4°  -  R 

Methylene  chloride  6.4 

Trichlorofluoromethane  B.3  no 

1. 1  - Dichloroethene  S.O  ‘  ® 

1. 1  - Dichloroethene  7  ~  • 7  .  ' 

trans- 1 . 2-Dichloroethene  10.8  ' ■  © 

Chloroform  11  4  J  R 

1.2- Dichloroethane  721 

1,1.1-  Trichloroethane  >  3 4 

Carbon  tetrachloride  1 3.7  • 

Bromodichloromethane  74-3  2- 

1 . 2 - Dichlo  ropropa  ne  I  S.  7 

trans- 1 , 3-Dichloropropene  753  °.uq 

Trichloroethene  733  ' 

Benzene  170  ' 

Dibromochloromethane  1,1  *■ 

1 .1 .2- Trichloroethane  7  7  2 

cis-1 , 3-Dichloropropene  17. 2  n“ 

2-Chloroethylvinyl  ether  IB.  6  ” 

Bromoform  733  il 

1. 1 .2.2- Tetrachloroethane  22  7 

Tetrachloroethene  22  2  • 

Toluene  23.5  6.0 

Chlorobenzene  245 

Ethylbenzene  2£4  '•* 

1.3- Dichlorobenzene  33.9 

1.2- Dichlorobenzene  35.0  n” 

1 .4- Dichlorobenzene _ 35.4 _  n _ 

nd  =  not  determined 

Column  conditions:  Carbopak  B  <60/80  mesh I  coated  with  1%SP-1 000 packed  in  a 
6  ft  by  2  mm  ID  glass  column  with  helium  carrier  gas  at  a  flow  rate  of  30  mumm. 
Column  temperature  is  isothermal  at  45°C  for  3  min,  then  programmed  at  8  °Cper 
minute  to  220° C  and  held  for  1 5  min. 


Table  2.  BFB  Key  Ion  Abundance  Criteria 


Ion  Abundance  Criteria  _ 

15  to  40%  of  mass  95 

30  to  60%  of  mass  95 

Base  Peak.  1 00%  Relative  Abundance 

5  to  9%  of  mass  95 

<2%  of  mass  1  74 

>50%  of  mass  95 

5  to  9%  of  mass  1  74 

>95%  but<  101%  of  mass  174 

5  to  9%  of  mass  1 76 
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Table  3.  Suggested  Surrogate  and  Internal  Standards 

Retention  Time  Primary  Secondary 

(min.p  Ion  Ions 


Surrogate  Standards 

Benzene  d-6 
4-Bromofiuorobenzene 
1,2-Dichloroethane  d-4 

1.4- Difluorobenzene 
Ethylbenzene  d-5 

Ethylbenzene  d-10 

Fluorobenzene 

Pentafluorobenzene 

Internal  Standards 
Bromochloromethane 

2-Bromo- 1  -chloropropane 

1.4- Dichlorobutane 

17.0 

28.3 
12.1 
19.6 

26.4 

26.4 

18.4 

23.5 

9.3 

19.2 

25.8 

84 

95  174,  176 

102 

1 14  63,  88 

111  - 

98 

96  70 

168 

128  49.130,51 

77  79,  156 

55  90.  92 

•For  chromatographic  conditions,  see  Table  1 . 

Table  4.  Characteristic  Ions  for  Purgeable  Organics 

Primary 

Parameter 

Ion 

Secondary  Ions 

Chloromethane 

50 

52 

Bromomethane 

94 

96 

Vinyl  chloride 

62 

64 

Chloroethane 

64 

66 

Methylene  chloride 

84 

49.  51.  86 

Trichloro  f/uorome  thane 

101 

103 

1, 1  -Dichloroethene 

96 

61,  98 

1. 1 -Dichloroethane 

63 

65.  83,  85,  98.  100 

trans- 1 ,2-Dichloroethene 

96 

61.  98 

Chloroform 

83 

85 

1,2-Dichloroethane 

98 

62,  64.  100 

1, 1, 1-Trichloroethane 

97 

99,  117,  119 

Carbon  tetrachloride 

117 

119,  121 

Bromodichloromethane 

127 

B3,  85,  129 

1 , 2-Dichloropropane 

112 

63,  65,  1 14 

trans- 1 ,3-Dichloropropene 

75 

77 

Trichloroethene 

130 

95,  97,  132 

Benzene 

78 

129,  208.  206 

Dibromochloromethane 

127 

1, 1,2-Trichloroethane 

97 

83,  85.  99.  132,  134 

c/s- 1 ,3-Dichrloropropene 

75 

77 

2-Chloroethylvinyl  ether 

106 

63,  65 

Bromoform 

173 

171.  175,  250,  252.  254,  256 

1, 1 ,2,2-Tetrachloroethane 

168 

83,  85.  131,  133,  166 

Tetrachloroethene 

164 

129,  131.  166 

Toluene 

92 

91 

Chlorobenzene 

1 12 

114 

Ethyl  benzene 

106 

91 

1. 3-DicNorobenzene 

146 

148,  113 

1,2-Dichlorobenzene 

146 

148,  113 

1, 4-Dichlorobenzene 

146 

148,  113 
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Table  5. 


Accuracy  and  Precision  for  Purgeable  Organics 


Parameter 


Reagent  Water 
Average  Standard 

Percent  Deviation 

Recovery  (**>> 


99 

Benzene  jg 

Bromodichloromethane  JJjJ  14 

Bromoform  20 

Bromomethane  J£ 

Carbon  tetracblonde  7 

Chlorobenzene  22 

Chloroethane  73 

2-Chloroethylvinyl  ether  W 7 

Chloroform  7  g 

Chlorome  thane  ,  ? 

Dibromochloromethane  ,0 

1,  i-Dichloroethane  g 

1.2- Dichloroethane  1U^  ,  7 

7,  l-Dichloroethene  luji 

trans-1 ,2-Dichtoroethene  g 

7 . 2- Dichloropropane  1U* 

cis-1 .3-Dichloropropene  tuo 

trans- 1 . 3-Dichloropropene  j  g 

Ethylbenzene  J£ 

Methylene  chloride  g 

1.1.2.2- Tetrachloroethane  104  g 

Tetrachloroethene  •  g 

Toluene  77 

7. 7. 1- Trichloroethane  10J  _ 

1. 1 .2- Trichloroethane  7U7  g 

Trichloroethene  n 

T rich  loro  fluorome  thane 

Vinyl  chloride _ L££ _ _ 

Samples  were  spiked  between  1U  and  1000  pgll. 


Wastewater 
A  verage  Standard 

Percent  Deviation 
Recovery  (%) 

98  >0 

703  70 

705  76 

55  23 

704  75 

702  S 

703  3  7 

55  *7 

707  *3 

55  34 

704  74 

704  75 

702  10 

99  IS 

707  70 

703  72 

702  75 

700  IS 

103  10 

89  28 

104  14 

100  7  7 

55  74 

702  76 

704  75 

700  72 

707  75 

55  35 


Optional 

a _ Exit  V«  in.  1 

Foam  s 

^  °D 

Trap  f 

.  14mm 

1 

„  )  0  0 

Jly  Inlet '/tin. 

i _ _ 

U—  0.0 

’/« in. _ 

0.0  exit 


Sample  Inlet 
2-^y  Syr/npe 

17cm  20  gauge  syringe  needle 

l ^fmm  0.0.  5u66»/-  Septum 

I  10mm  0.0.  V„  in.  0  0. 
KfL,ni0t  Stainless  Steel 
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Figure  1 .  Purging  device 
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Figure  2.  Trap  packings  and  construction  to  include  desorb  capability 
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Figure  3.  Schematic  of  purge  end  trap  device  —  purge  mode 
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Figure  4.  Schematic  of  purge  and  trap  device  —  desorb  mode 
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Figure  6.  Gas  chromatogram  of  volatile  organics  by  purge  and  trap. 
624-12  July  1962 


USATHAMA  CERTIFIED  METHOD  K9  FOR  CAL 


USATHAMA  CERTIFIED  METHOD  #K9 


Identification  and  Determination  of  Selected 
Volatile  Organics  in  Soil  and  Solids 


(CAL  Version  4,  5/15/85) 
(USATHAMA  Version  1,  5/6/85) 


Application :  The  method  is  designed  as  a  semi- 
quantitative  method  for  selected  volatile  organic 
compounds  in  soil  and  solid  samples  based  on  solvent 
extraction  and  purge/trap  GC/MS  determination  (methanol 
extraction  and  EPA  Method  8240).  The  method  is  certified 
as  semiquanti tative  based  on  a  standard  reference  soil. 


A.  Tested  Concentration  Ranges: 

0.25  to  25  ug/g  (see  i-u,  Delov). 

B.  Sensitivity: 


Analyte 

RRT 

EICoH5 

1 . 469 

C6H6 

0.946 

MIBK 

1.121 

DMDS 

0.889 

11DCLE 

0.585 

12DCLE 

0.690 

11 1TCE 

0.760 

112TCE 

0.962 

CH2CL2 

0.375 

CHCL3 

0.652 

CCL4 

0.779 

T12DCE 

0.620 

MEC6H5 

1.288 

CLC6H5 

1.350 

TCLEE 

1 .218 

TRCLE 

0.919 

13DMB 

1.736 

XYLEN 

1.798 

DBCP 

1.496 

DCPD 

1.345 

BCHPD 

0.822 

12DCD4 

0.685 

CD2CL2 

0.372 

ETBD10 

1.456 

1 ,2-Dibrorooethane-d4(I.S. )  1.000 

Sensitivity 


Fragment 

Ion 

Ion 

Peak  Area 

cone. 

106_ ™ 

10539 . 

6.5 

78 

26812 

0.3 

58 

3214 

0.3 

94 

10009 

0.8 

63 

11670 

0.9 

62 

6853 

0.3 

97 

7595 

0.3 

97 

8176 

0.3 

84 

16387 

0.7 

83 

11517 

0.3 

117 

5640 

0.3 

96 

6139 

0.3 

92 

23038 

0.3 

112 

20921 

0.3 

164 

6153 

0.3 

130 

7593 

0.3 

91 

23232 

0.7 

91 

44727 

0.3 

157 

1133 

0.4 

66 

16038 

0.3 

91 

22017 

0.3 

67 

4077 

0.3 

53 

2431 

0.3 

98 

35039 

0.3 

111 

— 

— 
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RRT  =  Retention  time  relative  to  1 , 2-dibromoethane-d4 
internal  standard  (retention  time  =  19.0  minutes). 

C.  Certified  Detection  Limits,  Ranges  and  Accuracy: 

Upper 


Detection 

Concentration 

Analyte 

Limit  (ug/g) 

Range  (ug/g) 

Accuracy 

ETC6H5 

- 0.3 

25 

6.  $26 

C6H6 

0.3 

25 

0.922 

MIBK 

0.3 

25 

0.997 

DMDS 

0.8 

25 

1.12 

11DCLE 

0.9 

10 

0.972 

12DCLE 

0.3 

25 

0.845 

111TCE 

0.3 

10 

1.00 

112TCE 

0.3 

25 

0.923 

CH2CL2 

0.7 

25 

0.790 

CHCL3 

0.3 

10 

0.969 

CCL4 

0.3 

25 

0.887 

T12DCE 

0.3 

25 

0.921 

MEC6H5 

0.3 

25 

0.879 

CLC6H5 

0.3 

25 

0.883 

TCLEE 

0.3 

25 

0.847 

TRCLE 

0.3 

25 

0.883 

13DMB 

0.7 

25 

0.917 

XYLEN 

0.3 

25 

0.996 

DBCP 

0.4 

25 

0.928 

DCPD 

0.3 

25 

0.959 

BCHPD 

0.3 

25 

0.921 

12DCD4 

0.3 

25 

0.842 

CD2CL2 

0.3 

25 

1.03 

ETBD10 

0.3 

25 

0.919 

Interferences : 

Coeluters  with 

similar  ions  could 

interfere . 


E.  Analysis  Rate:  One  sample  extractor  and  one  GC/MS 
operator  can  analyze  eight  samples  in  an  eight  hour 
day. 
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II .  Chemistry : 


A .  Alternate  Nomenclature  and  Chemical  Abstracts  Registry 


Number : 
Analyte 

Et£6h5- 

C6H5 

MIBK 

DMDS 

11DCLE 

12DCLE 

111TCE 

112TCE 

CH2CL2 

CHCL3 

CCL4 

T12DCE 

MEC6H5 

CLC6H5 

TCLEE 

TRCLE 

13DMB 

XYLEN 

XYLEN 

DBCP 

DCPD 

BCHPD 


CAS  Rej _ 

(Ethylbenzene)  100-41 -4 
(Benzene)  71-43-2 
(Methyl  isobutyl  ketone)  108-10-1 
(Dimethyl  disulfide)  624-92-0 
(1 ,1-Dichloroethane )  75-35-4 
(1 ,2-Dichloroethane )  107-06-2 
(1 ,1 ,1-Trichloroethane)  71-55-6 
(1 , 1 ,2-Trichloroethane )  79-00-5 
(Methylene  chloride)  75-09-2 
(Chloroform)  67-66-3 
(Carbon  tetrachloride)  56-23-5 
(trans-1 , 2-Dichloroethene )  156-60-5 
(Toluene)  108-88-3 
(Chlorobenzene)  108-90-7 
(Tetrachloroethene )  127-18-4 
(Trichloroethene )  79-01-6 
(o-Xylene)  95-47-6 
(m-Xylene)  108-38-3 
(p-Xylene)  25493-13-4 
(1 ,2-Dibromo-3-chloropropane)  96-12-8 
(Dicyclopentadiene )  77-73-6 
(Bicycloheptadiene )  121-46-0 


istry  Number 


B.  Chemical  Reactions:  N/A 


III.  Apparatus : 

A.  Instrumentation :  Finnigan  Model  1020  (or  equivalent) 
gas  chromatograph-mass  spectrometer  equipped  with  a 
Tekmar  Model  LSC-2  (or  equivalent)  purge/trap  device. 
The  GC/MS  is  coupled  to  an  INCOS  (or  equivalent) 
computer.  The  GC/MS/DS  system  is  operated  and  tuned 
as  described  in  EPA  Method  8240. 

B.  Parameters: 


1.  Column:  6  foot  by  2  mm  (id)  glass  column  packed 
with  1*  SP-1000  on  60/80  mesh  Carbopack  B  held 
isothermal  at  45°C  for  3  min.  and  temperature 
programmed  at  8°C/min.  to  220°C  (hold  for  10 
min. ) . 
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2.  Conditions:  Injector  port:  225°C;  transfer 

line:  T75°C;  carrier  gas  (helium)  at  about  20 

mL/min . 

3.  Purge  Volume:  20  uL  of  standards  or  sample 
extracts  plus  5  uL  of  internal  standard  are 
diluted  to  5.0  mL  with  water  and  the  mixture 
purged . 

4.  Retention  Times:  See  I-B  above. 


C.  Hardware/Glassware : 

1.  40  mL  glass  vials  with  teflon-lined  screw  caps. 
The  vials  are  cleaned  with  methanol  and  baked 
at  105°C  overnight  before  use. 

2.  Volumetric  flasks  and  pipettes  as  necessary. 

3.  Platform  shaker. 

4.  Microliter  syringes. 

D.  Chemicals: 


1.  Methanol:  EM  "Omnisolve"  Quality  or  equivalent. 
The  methanol  is  used  as  received.  Each  bottle  is 
tested  by  this  method  before  use  in  sample 
extraction . 

2.  Analytical  Reference  Standards  of  Analytes, 
Surrogates  and  Internal  Standard:  BCHD  is  from 
Aldrich;  1 , 2-dibromoethane-d4  is  from  Cambridge 
Isotope  Labs;  1 , 1 , 2-trichloroethane  is  from 
Supelco;  1 , 2-dichloroethane-d4  is  from  MSD 
Isotopes;  all  others  are  USATHAMA  SARMS  or  interm 
SARMS. 

3.  4-Bromofluorobenzene  (BFB). 

4.  Water:  Deionized  and  distilled  water  is  boiled 
for  10  minutes  and  purged  with  nitrogen  for  at 
least  4  hours  before  use.  The  water  is  then 
maintained  under  a  constant  nitrogen  purge. 
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IV.  Standards : 

A.  Stock  Solutions:  Individual  stock  solutions  of 

analytes,  surrogates  and  the  internal  standard  are 
1  prepared  in  methanol  in  10  mL  volumetric  flasks.  All 

chemicals  except  DCPD  (which  is  weighed)  are  liquids 
and  are  therefore  prepared  by  volume  measurements 
using  microliter  syringes. 


Chemical 

Ethylbenzene 

Benzene 

MIBK 

DMDS 

1 . 1- Dichloroethane 

1 .2- Dichloroethane 

1 .1 .1- Trichloroethane 

1 .1 . 2- Trichloroethane 
Methylene  chloride 
Chloroform 

Carbon  tetrachloride 

trans-1 ,2-Dichloroethene 

Toluene 

Chlorobenzene 

Tetrachloroethene 

Trichloroethene 

o-Xylene 

m-Xylene 

p-Xylene 

DBCP 

Di cy c 1 open ta diene 
Bicycloheptadiene 
Methylene  chloride-d4 

1 .2- Dichloroethane-d4 
Ethyl  benzene-dIO 

1 .2- Dibromoethane-d4 


Density 
( g/mL) 

Volume 

Pipetted 

(uL) 

ug/mL 
cone . 

0.867' 

TTT~ 

10,006 

0.874 

114 

10,000 

0.800 

125 

10,000 

1 .05 

95.2 

10,000 

1.18 

84.7 

10,000 

1.26 

79.4 

10,000 

1.34 

74.6 

10,000 

1.44 

69.4 

10,000 

1.33 

75.2 

10,000 

1.49 

67.1 

10,000 

1.59 

62.9 

10,000 

1.26 

79.4 

10,000 

0.867 

115 

10,000 

1.11 

90.1 

10,000 

1.62 

61.7 

10,000 

1.46 

68.5 

10,000 

0.897 

111 

10,000 

0.868 

115 

10,000 

0.866 

115 

10,000 

2.09 

47.8 

10,000 

(solid) 

(100  mg)  10,000 

0.854 

117 

10,000 

1.36 

73.5 

10,000 

1.26 

79.4 

10,000 

0.87 

115 

10,000 

2.18 

45.9 

10,000 

B.  GC/MS  Internal  Standard:  The  stock  solution  of  1,2- 
dibromoethane-d4  is  diluted  in  methanol  to  give  a  50 
ug/mL  working  standard.  The  internal  standard 
working  solution  is  always  added  at  5.0  uL  to  the  5.0 
mL  water  solutions  of  standards  or  sample  extracts 
just  prior  to  introduction  into  the  purge  unit. 
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C.  Surrogate  Spike  Standards:  The  stock  solutions  of  the 
three  deuterated  surrogates  (methylene  chloride-d4, 

1 ,2-dichloroethane-d4 ,  ethyl  benzene-dIO)  are  combined 
and  diluted  in  methanol  to  give  the  following: 


Code 

Preparation 

ESFsur-g 

2.50  mL  each  stock 
to  100  mL 

624-SUR-F2 

40.0  mL  624-SUR-G 
to  100  mL 

624-SUR-F 

10.0  mL  624-SUR-G 
to  50  mL 

624-SUR-E 

5.0  mL  624-SUR-G 
to  50  mL 

624-SUR-D 

2.0  mL  624-SUR-G 
to  50  mL 

624-SUR-C 

1.0  mL  624-SUR-G 

Surrogate 

Cone.  (ug/mL) 

— — 

100 

50 

25 

10 


5.0 


624-SUR-B 

Solutions 


to  50  mL 

0.50  mL  624-SUR-G  2.5 

to  50  mL 

are  stored  in  100  mL  amber  glass  bottles  at 


4°C . 


D.  Analyte  Spike  Standards:  The  stock  solutions  of 
the  twenty-two  analytes  are  combined  and  diluted 
in  methanol  to  give  the  following: 


Code 

E^SS-G 

624-SS-F2 

624-SS-F 

624-SS-E 

624-SS-D 

624-SS-C 

624-SS-B 


Preparation 

2.50  mL  each  stock  to  100  mL 
20.0  mL  624-SS-G  to  50  mL 
10  mL  624-SS-G  to  50  mL 
5.0  mL  624-SS-G  to  50  mL 
2.0  mL  624-SS-G  to  50  mL 
1.0  mL  624-SS-G  to  50  mL 
0.50  mL  624-SS-G  to  50  mL 


Analyte 


Cone. (ug/mL) 

- 250  - 


100 

50 

25 

10 

5.0 

2.5 


Solutions  are  stored  in  100  mL  amber  glass  bottles  at 
4°C. 


E.  GC/MS  Working  Standards:  The  surrogate  spike  standard 
mixes  and  analyte  spike  standard  mixes  prepared  in  IV- 
C  and  IV-D  above  are  combined  and  diluted  in  methanol 
as  follows: 
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Surrogate 
and  Analyte 


Code 

Preparation 

Cone.  (ug/mL) 

EZT^ws-g 

1.0  mL  ea  SS-G  & 

SUR-G  to  10  mL 

25  ' 

624-WS-F2 

1.0  mL  ea  SS-F2  i 

&  SUR-F2  to  10  mL 

•  10 

624-VS-F 

1.0  mL  ea  SS-F  & 

SUR-F  to  10  mL 

5.0 

624-VS-E 

1.0  mL  ea  SS-E  & 

SUR-E  to  10  mL 

2.5 

624-WS-D 

1.0  mL  ea  SS-D  & 

SUR-D  to  10  mL 

1.0 

624-WS-C 

1.0  mL  ea  SS-C  & 

SUR-C  to  10  mL 

0.50 

624-WS-B 

1.0  mL  ea  SS-B  & 

SUR-B  to  10  mL 

0.25 

Solutions 

are  stored  in  15  mL 

test  tubes  at  4°C. 

V.  Procedures : 

A.  Analysis  of  Certification  Control  Spikes  Only:  The  GC/MS 
system  was  calibrated  by  purging  20  uL  aliquots  of  each  GC/MS 
Working  Standard  plus  5-0  uL  of  Internal  Standard  in  5-0  mL 
of  water.  The  standard  curve  was  linear  (correlation 
coefficient  >0.996)  throughout  the  standard  range  (1.0  ug/L 
through  100  ug/L  in  the  5.0  mL  purge  sample). 

Certification  control  spikes  were  then  prepared  using  I O3  cf~ 
standard  soil  as  indicated  in  Table  I  (attached).  In  all 
cases,  20  uL  of  the  methanol  extracts  were  combined  with  5.0 
uL  of  Internal  Standard  solution  in  5.0  mL  of  water.  Results 
of  the  Hubaux-Vos  certification  charts  are  attached. 

B.  Analysis  of  Environmental  Standards: 

1.  GC/MS  Calibration:  Response  factors  (RFs)  and  a  standard 
curve  for  each  analyte  and  each  surrogate  are  developed 
via  the  1 , 2-dibromoethane-d4  internal  standard  by  purging 
20  uL  aliquots  of  the  GC/MS  Working  Standards  (624-WS-G, 
-F2 ,  -E  &  -C),  diluted  to  5.0  mL  with  water  plus  5.0  uL 
of  the  50  ug/mL  internal  standard  working  solution.  This 
provides  a  four-point  standard  curve  from  2.0  ug/L  to  100 
ug/L  in  the  purge  water,  equivalent  to  0.50  ug/g  to  25 
ug/g  of  original  solid  sample.  The  response  factors  are 
updated  daily,  before  the  analysis  of  sample  extracts, 
using  the  10  ug/  mL  standard  mix  (624-VS-F2).  If  the 
daily  calibration  RFs  differ  (using  "$D"  as  defined 
below)  from  the  average  RFs  by  more  than  25*  for  any  of 
the  surrogates,  then  a  new  standard  curve  and  a  new  set 
ofresponse  factors  must  be  made.  If  the  daily 
calibration  is  within  the  acceptable  "*D"  window,  then 
analysis  of  the  sample  extracts  can  proceed. 
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The  percent  difference  (^D)  calculation  is  [(daily  RF- 
average  RF)/average  RF]  x  100  .  Calculation  and 
tabulation  of  daily  RFs ,  average  RF's  and  "*D"  are  easily 
done  with  INCOS  or  equivalent  software. 

The  GC/MS  system  is  tuned  to  meet  EPA  criteria  for  BFB 
daily,  as  described  in  EPA  Method  8240  (attached). 


2.  Extraction:  Subsamples  (lOg  O.lg)  will  usually  be 
received  in  40  mL  amber  glass  vials  with  teflon-lined 
screw  caps  with  9»0  mL  of  methanol  already  added.  If 
subsamples  are  prepared  in  the  lab,  lOg  (+  O.lg)  portions 
will  be  placed  in  the  vials  along  with  9-0  mL  of 
methanol.  In  either  case,  a  1.0  mL  aliquot  of  surrogate 
standard  624-SUR-F2  is  added  to  samples  and  the  sample 
set  "method  blank"  (lOg  of  standard  soil)  prior  to 
extraction.  This  surrogate  spike  provides  each  of  the 
surrogates  at  10  ug/g  in  every  sample.  After  addition  of 
the  surrogates,  the  samples  are  extracted  by  shaking  for 
four  hours.  After  allowing  the  solids  to  settle,  the 
methanol  extracts  are  analyzed  as  below. 

3.  GC/MS- Analysis:  A  20  uL  sample  extract  aliquot 
(equivalent  to  0.020  g  sample)  is  combined  with  5.0  uL  of 
50  ug/mL  internal  standard  working  solution  and  5-0  mL  of 
water  in  a  5  mL  gas-tight  syringe.  The  mixture  is 
introduced  into  the  purge  chamber  and  processed  as 
described  in  EPA  Method  8240. 


4.  Unknown  GC/MS  Peaks:  Unknown  GC/MS  peaks  will  be 

tentatively  identified  by  computer  assisted  comparison  to 
the  NSS  31,000  entry  mass  spectral  library  (or 
equivalent).  The  mass  spectroscopist  will  use  the  INCOS 
(or  equivalent)  "fit",  "purity"  and  "refit"  criteria  to 
assign  probabilities  of  correct  structural  assignment. 
Hardcopy  mass  spectra  of  all  unknowns  will  be  provided 

with  the  report. 

The  five  largest  unknown  peaks  which  are  present  in 
excess  of  ten  percent  of  the  area  of  the  m/e  111  peak  for 
1 ,2-dibromoethane-d4  internal  standard  will  be  library 
searched. 
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VI.  Calculations: 


A.  •-  ug  analyte/mL  extract= (area  of  analyte  peak)  (50  ug/tnL  I.S.J 

6  - (area  of  TTsTJ  (analyte  RF ) 

Where  I.S.=1 ,2-dibromoethane-d4  internal  standard 

RF=Response  factor=(area  of  analyte  peak)(50  ug/mL  I.S.) 

(area  of  I. "ST; (cone,  of  analyte) 

B.  ug  analyte/g  sample=ppm=ug  analyte/mL  extract 

g  sample/mL  extract 

C.  Final  results  are  reported  on  a  dry-weight  basis  and  are 
corrected  for  percent  recovery  (based  on  certification  data). 

VII  References:  A  copy  of  EPA  Method  8240  (Test  Methods  for 
Evaluating  Solid  Wastes,  US  EPA  SW-846,  2nd  Edition,  July 
1982)  is  attached. 
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Certification  Control  Spike  Analysis 


Sample  ID 

volume  of 
analyte  std 
' added 

volume  of 
surrogate  std 
added 

volume  of 
methanol 
'  added 

ug/g 

analytes  & 
surrogates 
added 

ug/L 

in  5.0  mL 
purge 
water 

Blank 

0.0 

0.0  “ 

10.0  mL 

0.0 

0.0 

0.5X 

1.0  mL 
624-SS-B 

1.0  mL 
624-SUR-B 

8.0  mL 

0.25 

1.0 

IX 

1 .0  mL 
624-SS-C 

1 . 0  mL 
624-SUR-C 

8.0  mL 

0.50 

2.0 

2X 

1.0  mL 
624-SS-D 

1 .0  mL 
624-SUR-D 

8.0  mL 

1.0 

4.0 

5X 

1.0  mL 
624-SS-E 

1 .0  mL 
624-SUR-E 

8.0  mL 

2.5 

10 

10X 

1 .0  mL 
624-SS-F 

1 .0  mL 
624-SUR-F 

8.0  mL 

5.0 

20 

20X 

2.0  mL 
624-SS-F 

2.0  mL 
624-SUR-F 

6.0  mL 

10 

40 

50X 

1.0  mL 
624-SS-G 

1 .0  mL 
624-SUR-G 

8.0  mL 

25 

100 

California  Rnalyticol  laboratories,  Inc. 
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METHOD  8240 

Gf. /MS  METHOD  FOR  VOLATILE  ORGANICS 


1.0  Scope  and  Application 

1  1  Method  8240  is  used  to  determine  volatile  organic  compounds  in  a 
variety  of  solid  waste  matrices.  This  method  is  applicable  to  nearly  all  . 
tvoes  of  samples,  regardless  of  water  content,  including  groundwater,  aqueous 
sludges  c  us  i  liquors,  acid  liquors,  waste  solvents,  oily  wastes,  mousses 
nrs!  fibrous  wastes,  polymeric  emulsions,  filter  cakes,  spent  carbons,  spent 
catalysts,  soils,  and  sediments. 

1  2  The  detection  limit  of  Method  8240  for  an  individual  compound  is 
annrnxinatelv  1  ug/g  (wet  weight)  in  waste  samples.  For  samples  containing 
more  than  1  mg/9  of  total  volatile  material,  the  detection  limit  is  propor¬ 
tionately  higher. 

1.3  Method  8240  is  based  upon  a  purge-and-trap,  gas  chromatographic/ 
mass  soectrometric  (GC/MS)  procedure.  This  method  is  restricted  to  use  by  or 
under  the  supervision  of  analysts  experienced  in  the  use  of  purge-and-trap 
systems  and  gas  chromatograph/mass  spectrometers  and  skilled  in  the  interpre¬ 
tation  of  mass  spectra  and  their  use  as  a  quantitative  tool. 

2.0  Summary  of  Method 

2  1  The  volatile  compounds  are  introduced  to  the  gas  chromatograph  by 
direct  iniection  the  Headspace  Method  (Method  5020),  or  the  Purge-and-Trap 
Method  (Method  5030).  Method  5030  should  be  used  for  groundwater  analysis. 
?he  component  are  Operated  via  the  gas  chromatograph  and  detected  using  a 

IS  used  to  provide  both  qualitative a  an  ^ant,  am. 
information.  The  chromatographic  conditions  as  well  as  typical  mass  spe 
trorneter  operating  parameters  are  given. 

2  2  If  the  above  sample  introduction  techniques  are  not  appl 1  (table, 
a  portion  of  the  sample  can  be  dispersed  in  methanol  or  polyethylene  glycol 
(PEG1  to  dissolve  the  volatile  organic  constituents.  A  portion  of  the 
Solid  dr PEG  solution  is  combined  with  water  in  a  specie  ly  designed 
purging  chamber.  -  An  inert  gas  is  then  bubbled  through  the. solution  a 
ambfent  temperature  and  the  volatile  comnponents  are  efficiently  transferred 
from  ?he  aqueous  phase  to  the  vapor  phase.  The  vapor  is  swept  through  a 
sorbent  column  where  the  volatile  components  are  trapped.  u  B  ® 

completed,  the  sorbent  column  is  heated  and  backflushed  with  ^rt  gas  to 
desorb  the  components  onto  a  gas  chromatographic  column  The  chroma 
tographic  column  is  heated  to  elute  the  components,  which  are  detected  witn 

mass  spectrometer. 

2.3  An  aliquot  of  each  sample  must  be  spiked  with  an. , 
standard  to  determine  percent  recovery  and  detection  limits  for  that  sample. 


1 
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2.4  Table  1  lists  detection 
in  the  absence  of  interferences, 
would  be  significantly  higher. 


limits  that  can  be  obtained  in  wastewaters 
Detection  limits  for  a  typical  waste  sample 


'-.TABLE  1.  CHROMATOGRAPHIC  CONDITIONS  AND  METHOD  DETECTION  LIMITS 


Parameter 


Retention  time  Method 

(min)  .  detection  limit 

Column  la  (U9/1 ) 


Chloromethane 

Bromomethane 

Vinyl  chloride 

Chloroethane 

Methylene  chloride 

Trichlorofluoromethane 

1.1- Dichloroethene 

1.1- Di chloroethane 
trans-1 ,2-Di chi  oroethene 
Chloroform 

1 .2- Di chloroethane 
1,1,1-Tri  chloroethane 
Carbon  tetrachloride 
Bromodi chi  oromethane 

1.2- Dichloropropane 
trans-1 ,3-Di  chi  oropropene 
Trichloroethene 

Benzene 

Di bromochl  oromethane 

1.1. 2- Tri  chloroethane 
cis-1 ,3-Di  chi  oropropene 
2-Chloroethyl vinyl  ether 
Bromoform 

1.1.2.2- Tetrachloroethane 
Tetrachloroethene 
Toluene 
Chlorobenzene 

Ethyl  benzene 

1.3- Dichlorobenzene 

1.2- Dichlorobenzene 

1.4- Dichlorobenzene 


2.3 

3.1 

3.8 
4.6 

6.4 

8.3 
9.0 

10.1 

10.8 

11.4 

12.1 

13.4 

13.7 

14.3 

15.7 
15.9 

16.5 
17.0 

17.1 

17.2 

17.2 

18.6 

19.8 

22.1 

22.2 

23.5 

24.6 

26.4 

33.9 
35.0 

35.4 


ND 

ND 

ND 

ND 

2.8 

ND 

2.8 

4.7 
1.6 
1.6 

2.8 

3.8 

2.8 
2.2 
6.0 
5.0 

1.9 
4.4 

3.1 
5.0 
ND 
ND 
4.7 

6.9 

4.1 
6.0 
6.0 

7.2 
ND 
ND 
ND 


ND  =  not  determined. 

«Column  conditions:  Carbopack  B  (60/80  mesh)  coat®Jhw^^ 

1%  SP- 1000  packed  in  a  6-ft  by  2-mm  I.D.  glass  column  with  he  lum 
carrier  gas  at  a  flow  rate  of  30  ml/min.  Column  ' 
isothermal  at  45*  C  for  3  min,  then  programmed  at  8  C  per  minute 
to  220’  and  held  for  15  min. 
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3.0  Interferences 

3.1  Interferences  coextracted  from  the  samples 
from  source  to  source,  depending  upon  e  P  ^  bg  checked  to  ensure 
tested.  Trie  analytical  system  howe  *J°Qns  ^  ^  analysis  by  running- 

freedom  from  interferences  under  the  c  oraanic-free  water  in  the 

method  blanks.  Method  blanks  are  run  y  tufa.  9  n0n-TFE  thread  sealants, 

normal  manner.  The  use  of  Jon-TFE  p  the’purging  device  should  be 

or  flow  controllers  with  rubber  components  in  tne  purging 

avoided. 

on  such  contamination. 

3.3  Cross  contamination  can  occur r^uS',crMS9cmt»mlMt1olrth'Vel 

with  organic-free  water.  Whenever  an  unusua  ly  ^"f^J^-free  water  to 
encountered,  it  shouldbe  followe  y  containing  large  amounts  of 

rnr.ilSi’r’r?^  S.SfUTZttr,  and  then  dr,  in  a  IDS'  C  oven 
between  analyses. 

sr.es  ~>p  .‘sm? - 

fied  before  use  as  described  in  Section  5.Z. 


4.G  Apparatus  and  Materials 
4.1  Sampling  equipment 

411  Vial:  25-ml  capacity  or  larger,  equipped  with  a  screw  cap 

h?eatri05-  Cabefor:nuse. 

.  1  hr  before  use. 

4  2  p„rge-and-trap  device:  The  purge-and-trap  device  consists^ 

desorber^arSeveralCcompleteUdevices  are6  noncommercial ,y' available. 
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Sr 2S'::«~Si  S& 

•:Thp  Duroe  gas  must  be  introduced  no  more  than  5  ran  from  the  base  or  tne 
•r  water  column.  The  purging  chamber,  illustrated  in  Figure 
",Cv these  design  criteria.  ..;  ■'  ■  ■  • 

sc  42  2'  The  trap  must  be  at  least  25  cm  long  and^have  an  Inside 

ESi  JKT^iiusJSs--sft  - — 

423  The  desorber  must  be  capable  of  rapidly  heating  the  trap 

hte^rThin  180  *PC]  and  rthe^remai  n^ng  sect  ions  ^shou^d^not 

exceed  220*  C.  The  desorber  design,  illustrated  in  g 
.  these  criteria. 

4  2  4  The  purge-and-trap  device  may  be  assembled  as  a  separate 
;  unit  or  be  coupled  to  a  gas  chromatograph  as  illustrated  9 

and  4. 

4  3  Gas  chromatograph/mass  spectrometer  system 

including  syringes,  analytical  columns,  and  gases. 

4  3.2  Column:  2-m  x  2-mm  1.0.  stainless  steel  or  glass,  packed 
with  IS  SP-1000  on  60/80  mesh  Carbopack  B  or  equivalent. 

v-3  nran?*  amu 

i^the^electron  Unionization  mode  and  producing  a  -ss  spectrum 

^  Gc'^inlet^or^introduced  in  the 

purge-and-trap  mode. 

a,  -5  A  rr/MS  interface-  Any  GC-to-MS  interface  that  gives 

4. 3. A  GC/MS  interlace.  iniection  for  each  compound 

ofCinterestCand^achieves°acceptable  tuning^performance^cn  teria  (see^ 

riis^iSis^is  -bonded 

of* transport! ng  S'lMKT.J'if  the  components  of  interest  from  the 
GC  to  the  MS. 
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OPTIONAL 
FOAM  TRAP 


Exit  V.  Inch  0.  D. 
14  mm  0.  D. 

Inlet  14  Inch  0.  D. 


1 1 
1 1 
■  i 


Figure  1.  Purging  chamber. 


6  /  ORGANIC  ANALYTICAL  METHODS  -  GC/MS 


Glass  Wool 

Grade  15 
Silica  Gel 


Tenax 


3%  OV-1 
Glass  Wool 


Packing  Procedure 


15  cm 


m 

Trap  Inlet 


Construction 


Compression 
Fitting  Nut 
and  Ferrules 

14  Ft.  7fi/Foot 
Resistance  Wire 
Wrapped  Solid 

Thermocouple/ 

Controller 

Sensor 


Electronic 
Temperature - 
Control  and 
Pyrometer 


Tubing  25  cm 
0.105  In.  I.D. 
0.125  In.O.D. 
Stainless  Steel 


Figure  2.  Trap  packings  and  construction  to  include 


desorb  capability. 
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CARRIER  CAS  FLO*  CONTROL 
UlCS SURE  REGULATOR 
\ 


PURGE  GAS 
R.OW  CONTROL 


UCuiO  INJECTION  PORTS 

COLUMN  OVEN 


CON  FI  A  TORT  COLUMN 
TO  DETECTOR 

•  ANALTT1CAL  COLUMN 


\  OPTIONAL  a— PORT  COLUMN 
SELECTION  VALVE 
4 — *CRT  TRAP  INLET 

VALVE  /  -RtSIsTANCI  WIRE 

■y^~ -  EATER  CONTROL 

_ TTAR  I OFF ) 

rrc  Cy 


PURGING 

DEVICE- 


Mots: AU.  UNES  1ETNEEN 
TRAP  ANO  GC 
SHOULD  5£  HEATED 

to  ao-c 


FIGURE  3.  Schematic  of  purge  and  trap  device  -  purge  mode 


CA~T.=R  gas 
FLOW  CCNTaCL  UCU1C  INJECTION  PORTS 


PRESSURE 

ussy 


:LATTR  (K  '  >'<  — '-T1  mnp  1  CON  FIRM  AT  OUT  COLUMN 

\  ,cj^r^J4-^.iLvo  doctor 

II  ^  g^r'-r -HJIT  1  ANALYTICAL  COLUMN 


-COLUMN  OVEN 


PURGE  GAS  Vi  J 
P.2»  CONTROL  ‘ 


13S  aCLiCJLAR  '/A 
s;=v*  FILTER  “tS 


\ OPTIONAL  AJ>ORT  COLUMN 
SELECTION  VALVE 

s-aort  trap  inltt 
VALVE  J  RESISTANCE  hire 


_ 7*fp  (orT) 

•L.?loh3  V7C  C 


HEATEH 

CONTROL 


Note: 

ALL  UNES  BETffEEV 
PURGING  TRAP  AND  GC 

DEVICE  SHOULD  BE  HEATED 

TO  S5°C. 


Figure  4.  Schematic  of  purge  and  trap  device  -  desorb  mode 
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4  3  5  Oata  system:  A  computer  system  must  be  interfaced  to  *J)e 
mass  spectrometer  that  allows  the  continuous  acquisition  anj  storage  o 

machine-readable  media  of  all  mass  spectra  obtained  throu|hout  the 
duration  of  the  chromatographic  program  The  computer  mu 
software  that  allows  searching  any  GC/MS  data  file  for  \°  s 
specific  mass  and  plotting  such  ion  abundances  versus  time  or  sea 
number.  This  type  of  plot  is  defined  as  an  Extracted  Ion  Curreni  • 

Profile  (EICP).  Software  must  also  be  available  that  alio  g 

ing  the  abundance  in  any  EICP  between  specified  Jata 

limits.  Hardware  and  software  must  be  available  f ^Q^ch  800-bpi 
into  a  compatible  format.  These  generally  consist  of  a  9-inch,  800  bpi 

tape  drive  and  the  associated  software. 

4.4  Sample  transfer  implements:  Implements  8r*  *°i';aa"S^r 

portions  of  solid,  semisolid,  and  liquid  Hastes  from  MJP'J  fSlt  iS  Svoid 
laboratory  glassware.  The  transfer  must  be  accomplished  rapidly  to  a vo 
loss  of  volatile  components  during  the  transfer  step,  ^  d-. 

ferred  using  a  hypodermic  syringe  with  a  wide-bore  needle  or  no  needle 
attached.  Samples  should  be  introduced  into  the  syringe  by  t1)  9 

The  plover  from  the  syringe,  (2)  pouring  the  ^eaSy  fr'trS  ped 

(3)  replacing  the  barrel  and  inverting  the  syringe  to  remov  y  b 

in  the  syringe.  Do  not  draw  the  sample  up  into  the  syringe.  Solids  may  be 
transferred  using  a  conventional  laboratory  spatula,  spoon,  or  «r'"9 
A  coring  device  that  is  suitable  for  handl ing  some  sample  d  n  b  made  by^ 
using  a  glass  tubing  saw  to  cut  away  the  closed  end  of  the  ba  y 

hypodermic  syringe. 


TABLE  2.  BFB  KEY  ION  ABUNDANCE  CRITERIA 


Mass 

Ion  abundance  criteria 

50 

15  to  40%  of  mass  95 

75 

30  to  60%  of  mass  95 

•  95 

Base  Peak ,  100%  Relative  Abundance 

96 

5  to  9%  of  mass  95 

173 

less  than  2%  of  mass  174 

174 

greater  than  50%  of  mass  95 

175 

5  to  9%  of  mass  174 

176 

greater  than  95%  but  less  than  100% 

of  mass  174 
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4.5  Singes:  5-tnl  and  2S-ml  glass  hypodemic,  equipped  with  20-gauge 

needle,  at  least  15  cm  in  length. 

.  ,r  ino-ul  250-ul ,  and  1000-pl .  These 

4.6  Micro  syringes:  10T^  ’  f  ] l^edlis  having  a  length  sufficient 

syringes  should  be  equipped  with  20-gauge  the  g1ass  frit  in  the  • 

SSH  •—  -  -  - 

“si's  JS’"  “ 

approximate  20 -ml  graduation. 

4  8  Centrifuge:  Capable  of  accommodating  50-fnl  glass  tubes. 

,,  Syringe  value:  2:way  with  Coer  ends  C^ech, 
valve  equipped  with  one  Hamilton  #350Jd  Lue 

4.10  Syringe:  5-ml ,  gas-tight  with  shut  off  valve 

4.11  Bottle:  15-ml ,  screw-cap ,  Teflon  cap  liner. 

4.12  Balance:  Analytical,  capable  of  accurately  weighing  0.0001  g. 

4  13  Rotary  evaporator:  equipped  with  Teflon-coated  seals  (Buch, 
Rotavapor  R-110,  or  equivalent). 

4.14  Vacuum  pump:  mechanical,  two-stage. 


5.0  Reagents 

•  noH  se  a  wstG r  in  which  2n 

interfeJenrirrobte^veSir^^^detection  limit  of  the  compounds  of 
interest. 

5.1.1  Reagent  water  may  de  generated  by  P«“^|  (calgon 

a  carbon  filter  oed  containing  about  500  g  or 

Corp.,  Filtrasorb-300,  or  equivalent). 

5.1.2  A  water  purification  system. (Millipore  Super-Q  or  equiva- 
lent)  may  be  used  to  generate  reagent  water. 

5.1.3  Reagent  water  may  also a^iS^th^temperatlr^at^O*  C, 

15  min.  Subsequently,  ^’’e  Jhrlugh  the  water  for  1  hr. 

SniVtilTKr.vS™??  the  water  to  a  narrow-mouth  screw-cap  bott 
and  seal  with  a  Teflon-lined  septum  and  cap. 
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5.1.4  Reagent  water  may  also  be  purchased  under  the  name  "HPLC 
water"  from  several  manufacturers  (Burdick  and  Jackson,  Baker  and 
Waters,  Inc.). 

5.2  Reagent  PEG:  Reagent  PEG  is  defined  as  PEG  having  a  nominal 
average  molecular  weight  of  400,  and  in  which  interferents  are  not  observed 
at  the  method  detection  limit  for  compounds  of  interest. 

5.2.1  Reagent  PEG  is  prepared  by  purification  of  commercial  PEG 
having  a  nominal  average  molecular  weight  of  400.  The  PEG  is  placed  in 
a  round-bottom  flask  equipped  with  a  standard  taper  joint,  and  the 
flask  is  affixed  to  a  rotary  evaporator.  The  flask  is  immersed  in  a 
water  bath  at  90-100*  C  and  vacuum  is  maintained  at  less  than  10  mm  Hg 
for  at  least  1  hr  using  a  two-stage  mechanical  pump.  The  vacuum 
system  is  equipped  with  an  all-glass  trap,  which  is  maintained  in  a  dry 
ice/methanol  bath. 

5.2.2  In  order  to  demonstrate  that  all  interfering  volatiles 

have  been  removed  from  the  PEG,  a  reagent  water/PEG  blank  must  be 
analyzed.  -  ; 

5.3  Trap  materials 

5.3.1  2,6-Diphenylene  oxide  polymer:  60/80-mesh  Tenax,  chromato¬ 
graphic  grade  or  equivalent. 

5.3.2  Methyl  silicone  packing:  3  percent  OV-1  on  60/80  mesh 
Chromosorb-W  or  equivalent. 

5.3.3  Silica  gel,  Davison  Chemical  (35/60  mesh),  grade-15  or 
equivalent . 

5.3.4  Prepared  trapping  columns  may  be  purchased  from  several 
chromatography  suppliers. 

5.4  Methanol:  Distil led-in-glass  quality  or  equivalent. 

5.5  Calibration  standards;  stock  solutions  (2  mg/ml):  Stock  solu¬ 
tions  of  calibration  standards  may  be  prepared  from  pure  standard  materials 
or  purchased  as  certified  solutions.  Prepare  stock  standard  solutions  of 
individual  compounds  in  methanol  using  assayed  liquids  or  gases  as  appro¬ 
priate.  Because  of  the  toxicity  of  some  of  the  organohal ides ,  primary 
dilutions  of  these  materials  should  be  prepared  in  a  hood.  A  NI0SH/MESA- 
approved  toxic  gas  respirator  should  be  worn  by  analysts  when  handling  high 
concentrations  of  these  materials. 

5.5.1  Place  about  9.8  ml  of  methanol  in  a  10-ml  ground-glass- 
stoppered  volumetric  flask.  Allow  the  flask  to  stand,  unstoppered,  for 
about  10  min  or  until  all  al cohol -wetted  surfaces  have  dried.  Weigh 
the  flask  to  the  nearest  0.1  mg. 
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5.5.2  Add  the  assayed  reference  material  as  described  below. 

'  5  5  2.1  Liquids:  Using  a  100-pl  syringe,  immediately  add 

2  drops  of  assayed  reference  material  to  the  flask,  then  reweigh. 

The  liquid  must  fall  directly  into  the  alcohol  without  contacting 

the  neck  of  the  flask. 

5. 5. 2. 2  Gases:  To  prepare  standards  for  any  compounds 
that  boil*  below  30*  C  (e.g.,  bromomethane,  chloroethane,  chloro- 
mpthane  or  vinyl  chloride),  fill  a  5-ml  valved  gas-tight  syringe 
with  a  reference  standard  to  the  5.0-ml  mark.  Lower  the  needle  to 
5  mm  above  the  methanol  meniscus.  Slowly  introduce  the  reference 
standard  above  the  surface  of  the  liquid.  The  heavy  gas  rapidly 
dissolves  in  the  methanol. 

553  Reweigh,  dilute  to  volume,  stopper,  then  mix  by  gently 
inverting  the  flask  several  times.  Calculate  the  concentration  in 
ug/pl  pe?  microliter  from  the  net  gain  in  weight.  When J0^^ithout 
purity  is  assayed  to  be  96%  or  greater,  the  weight  may  be  used  without 
correction  to  calculate  the  concentration  of  the  stock  standard, 
r r,n-norriallv  Dreoared  stock  standards  may  be  used  at  any  concentration 
if  they  are^ certified  by  the  manufacturer  or  by  an  independent  source. 

5.5.4  Transfer  the  stock  standard  solution  into  ® 
screw-cap  bottle.  Store,  with  minimal  headspace,  at  -10  to  -20  C 

protect  from  light. 

555  Prepare  fresh  standards  weekly  for  gases  or  for  reactive 

compounds  such  as  2-chloroethylvinyl  ether.  AH  J*''*';  ***?j£jf  “ust 
be  replaced  after  one  month,  or  sooner  if  comparison  with  checx 

standards  indicates  a  problem. 

i^red  with  .int,al  headspace 

and  should  be  checked  frequently  for  signs  of  evaporation,  espec  y  J 
prior  to  preparing  calibration  standards  from  them. 

5  7  Surrogate  standards:  Surrogate  standards  may  be  “  ”mp,es 

recover^ef  f  i  ci  ency^  ’  The  £££  Wj  f.  S-U;, 

standards  using  the  procedures  described  in  Sections  5.5  and  5.6.  The 
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concentrations  prepared  and  the  amount  of  solution  added  to  each  sample 
should  be  those  required  to  give  an  amount  of  each  surrogate  in  the  purging 
5e“ce  that  ?!  eqS to  the  Lent  of  each  internal  standard  added,  assuming 
a  100%  recovery  of  the  surrogate  standards. 

5  8  Internal  standards:  In  this  method,  internal  standards  are 
employed  dJdng  analysis  of  all  samples  and  during  all  ca  ^ration  proce  *"*■ 
Thp  analyst  must  select  one  or  more  internal  standards  that  are  similar 
analytical  behavior  to  the  compounds  of  interest.  The  analyst  must  furt  er 
demonstrate  that  the  measurement  of  the  internal  standard  is  not  a.  ®  y 

method  or  matrix  interferences.  Because  of  ^es*  ’itoSevIr  ??r 

standard  can  be  suggested  that  is  applicable  to  all  samples.  However,  Tor 

general  use,  D4-l,2-dichloroethane,  Ofi-benzene,  and  Ds-ethyl benzene  ar 
recommended  as^ternal  standards  covering  a  wide  boiling  point  range. 

5.9  4-Bromof  1  uorobenzene  (BFB):  BFB  is  added  to  the  i Vernal  standard 
solution  or  analyzed  alone  to  permit  the  mass  spectrometer  tuning  for  each 
GC/MS  run  to  be  checked. 

5.10  internal  standard  solution:  Using  the  procedures  described  in 
Sections  5.5  and  5.6,  prepare  a  methanol  ic  solution  containing  each  internal 
standard  at  a  concentration  of  12.5  pg/ml . 

5.11  Sodium  monohydrogen  phosphate:  2.0  p  in  distilled  water. 

5.12  n-Nonane  and  n-dodecane,  98+%  purity. 

5.13  N-Hexadecane,  distilled-in-glass  (Burdick  and  Jackson,  or 
equivalent). 


6.0  Sample  Collection,  Handling,  and  Preservation 

6.1  All  samples  must  be  collected  using  a  sampling  plan  that  addresses 
the  considerations  discussed  in  Section  One  of  this  manual. 


6  2  All  samples  must  be  stored  in  Teflon-lined  screw  cap  vials.  Sample 

containers  should  be  filled  as  completely  es  possible  so  “  «  "^’"J^ed  in 
headspace  or  void  space.  Vials  containing  liquid  sample  should  be  stored 

an  inverted  position. 

6.3  All  samples  must  be  iced  or  refrigerated  from  the  time  of  collection 
to  the  time  of  analysis,  and  should  be  protected  from  light. 
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7.0  Procedure 


7.1  Calibration 

-  7.I.I  Assemble  a  purge-and-trap  device  that  meets  the  specifications 

in  Section  4.2  and  connect  the  device  to  a  GC/MS  system.  Condition  the 
trap  overnight  at  180*  C  by  backflushing  with  an  inert  gas  flow  of  at 
least  20  ml/min.  Prior  to  use,  condition  the  trap  daily  for  10  min 
while  backflushing  at  180*  C. 

7.1.2  Operate  the  gas  chromatograph  using  the  conditions  described 
in  Section  7.3.5  and  operate  the  mass  spectrometer  using  the  conditions 
described  in  Section  7.3.2. 

7.1.3  Calibration  procedure 

7. 1.3.1  Conduct  calibration  procedures  using  a  minimum  of 
three  concentration  levels  for  each  calibration  standard.  One  of 
the  concentration  levels  should  be  at  a  concentration  near  but 
above  the  method  detection  limit.  The  remaining  two. concentration 
levels  should  correspond  to  the  expected  range  of  concentrations 
found  in  real  samples  or  should  define  the  working  range  of  the 
GC/MS  system. 

7. 1.3. 2  Prepare  the  final  solutions  containing  the  required 
concentrations  of  calibration  standards,  including  surrogate 
standards,  directly  in  the  purging  device.  To  the  purging  device, 
add  5.0  ml  of  reagent  water  or  reagent  water/PEG  solution.  This 
solution  is  prepared  by  taking  4.0  ml  of  reagent  water  or  reagent 
PEG  and  diluting  to  100  ml  with  reagent  water.  The  reagent  water/ 
PEG  solution  is  added  to  the  purging  device  using  a  5-ml  glass 
syringe  fitted  with  a  15-cm  20-gauge  needle.  The  needle  is  inserted 
through  the  sample  inlet  shown  in  Figure  1.  The  internal  diameter 
of  the  14-gauge  needle  that  forms  the  sample  inlet  will  permit  in¬ 
sertion  of  a  20-gauge  needle.  Next,  using  a  10-pl  or  25-pl  micro- 
syringe  equipped  with  a  long  needle  (see  Section  4.6),  take  a 
volume  of  the  secondary  dilution  solution  containing  appropriate 
concentrations  of 'the  calibration  standards  (see  Section  5.6).  A-d 
the  aliquot  of  calibration  solution  directly  to  the  reagent  water 

or  reagent  water/PEG  solution  in  the  purging  device  by  inserting 
the  needle  through  t.ie  sample  inlet.  When  discharging  the  contents 
of  the  micro-syringe  be  sure  that  the  end  of  the  syringe  needle  is 
well  beneath  the  surface  of  the  reagent  water  or  water/PEG  so  u- 
tion.  Similarly,  add  20  pi  of  the  internal  standard  solution  (see 
Section  5.10).  Close  the  2-way  syringe  valve  at  the  sample  inlet. 

7. 1.3.3  Carry  out  the  purge  and  analysis  procedure  as 
described  in  Section  7.3.4.  Tabulate  the  area  response  of  the 
primary  characteristic  ion  against  concentration  for  each  compound 


14  /  ORGANIC  ANALYTICAL  METHODS  -  GC/MS 


including  the  internal  standards.  Calculate  response  factors  (RF) 
for  each  compound  as  follows: 


RF  =  (AsCi s )/Ai SCS ) 


where: 

As  =  Area  of  the  primary  characteristic  ion  for  the  compound 
to  be  measured 

AiS  =  Area  of  the  primary  characteristic  ion  of  the  internal 
standard 

Cis  =  Concentration  of  the  internal  standard 

Cs  =  Concentration  of  the  compound  to  be  measured. 


The  internal  standard  selected  for  the  cal 
compound  and  subsequent  quantification  of 
the  internal  standard  that  has  a  retention 
the  compound.  It  is  assumed  that  a  linear 
obtained  over  the  range  of  concentrations 
over  the  working  range  is  a  constant  (less 
•standard  deviation),  the  RF  can  be  assumed 
average  RF  can  be  used  for  calculations. 

•  results  can  be  used  to  plot  a  calibration 
As/A-jS,  versus  RF. 

7. 1.3. 4  The  RF  must  be  verified  on  each  working  day.  The 
concentrations  selected  should  be  near  the  midpoint  of  the  wornng 
range.  The  response  factors  obtained  for  the  calibration  standards 
analyzed  immediately  before  and  after  a  set  of  samples  must 
within  +20%  of  the  response  factor  used  for  quantification  of  the 

sample  concentrations. 


culation  of  the  RF  of  a 
the  compound  is  generally 
time  closest  to  that  of 
calibration  plot  will  be 
used.  If  the  RF  value 
than  10%  relative 
to  be  invariant,  and  the 
Alternatively,  the 
curve  of  response  ratios. 


7.2  Daily  GC/MS  performance  tests 


7.2.1  At  the  beginning  of  each  day 
the  GC/MS  system  must  be  checked  to  see 
criteria  are  achieved  for  BFB  (see  Table 


that  analyses  are  to  be  performed, 
that  acceptable  performance 
2). 


7.2.2  The  BFB  performance  test  requires  the  following  instrumental 
parameters : 


Electron  Energy: 
Mass  Range: 

Scan  Time: 


70  volts  (nominal ) 

40  to  250  amu 

to  give  approximately  6  scans  per  peak  but  not 
to  exceed  3  sec  per  scan. 
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7  2  3  Bleed  BFB  vapor  into  the  mass  spectrometer  and  tune  the 

instrument  toachieve  all  the  key  ion  criteria  for  *  ^  - 

RFB  oiven  in  Table  1.  A  solution  containing  20  ng  of  BFB  may  be  mjeccea 
onto7 * 9 10the  gas  chromatographic  column  in  order  to  check  the  key 
criteria. 

7  2  4  The  peak  intensity  of  D6-benzene  is  used  to  monitor  the  mass 
spectrometer  sensitivity.  The  peak  intensity 

peaMntensit^observed^durin^the  applicable'calibration  runs  For  example, 
the  neak  intensity  of  Dg-benzene  observed  during  calibration  was  355,000 

a  =i»  s 

Lass  srss  s  — ». 

problem. 

7.3  Sample  extraction  and  analysis 

7ii  ThP  analytical  procedure  involves  extracting  the  non-aqueous 

??rtb  "e  rfc  tf  be  uken Vo^The  GC/MS  analysis  is  based  on  the 
estimated  total  volatile  content  (TVC)  of  the  sample.  The  TVC  s 
estimated  by  extracting  the  sample  with  n-hexadecane  and  analyzing  the 
n-hexadecane  extract  by  gas  chromatography. 

7  3  2  The  estimated  TVC  is  based  on  the  total  area  response 
relative  that  of  n-nonane  for  all  components  eluting  prior  ^ ^  the 
retention  time  of  n-dodecane.  The  response  factor  fo  aliauot 

retention  time  of  n-dodecane  are  determined  by  analyzing  a  2-pl  al  q 
of  an  n-hexadecane  solution  containing  0.20  mg/ml  of  n-nonane 
ii-dodecane. 

7  3  2.1  The  GC  analyses  are  conducted  using  a  f]ai?a  J^23' 
tion  detector  and  a  3-m  x  2-mm  I.D.  glass  column  packed 

0V- 101  on  100-200  mesh  Chromosorb  W-HP.  The  for 

programmed  from  80‘  C  to  280*  C  at  8  /mm  and  held  at  280  for 

10  mm. 

7  3  2  2  Determine  the  area  response  for  n-nonane  and  divide 
by  0.2  to obiain  the  area  response  factor.  Record  the  retention 
time  of  n-dodecane. 

7  3.2.3  Add  1.0  g  of  sample  to  20  ml  of  n-hexadecane  and 

2  ml  of  2.0  M  Na2HP04  contained  in  a  50-ml  9lass  !;*ntnSh^g  the 
tube  and  cap  secure!?  with  a  Teflon-  mec screw  cap. 
mixture  vigorously  for  one  minute.  If  the  sa  p 
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during  the  shaking  process,  sonify  the  mixture  in 
bath  for  30  min.  Allow  the  mixture  to  stand  until 
supernatant  is  obtained.  Centrifuge  if  necessary 
phase  separation. 


an  ultrasonic 
a  clear 
to  facilitate 


7. 3. 2. 4  Analyze  a  2-pl  aliquot  of  the  n-hexadecane  super- 
natant  using  the  conditions  described  in  Section  7. 3. 2.1.  Determine 
•the  total  area  response  of  all  components  eluting  prior  to  the 
retention  time  of  n-dodecane  and  subtract  the  corresponding  area  of 
an  n-hexadecane  blank.  Using  the  area  response^factor  determined 
'  fSr  n-nonane  in  Section  7.3.2.2,  calculate  the  TVC  as  follows: 


TVC  = 


"  TAR  ,  -  TARKlanV 

sample _  blan< 

n-Nonane  Area  Response  Factor 


x  20 


where: 


=  total  volatile  content  of  the  sample  in  mg/g 


TVC 

TARSample  =  total  area  response  obtained  for  the  sample 

TARbiank  =  total  area  response  obtained  for  a  blank. 

7.3.3  The  transfer  of  an  aliquot  of  the  sample  for  extraction 
with  methanol  or  PEG  should  be  made  as  quickly  as  possible  to  minimize 
loss  of  volatiles  from  the  sample. 

7. 3. 3.1  To  a  50-ml  glass  centrifuge  tube  with  Teflon-lined 
cap,  add* 40  ml  of  reagent  methanol  or  PEG.  Weigh  the 
centrifuge  tube  and  methanol  or  PEG  on  an  analytical  balance. 

7. 3. 3. 2  Using  an  appropriate  implement  (see  Section  4.4), 

transfer  approximately  2  g  of  sample  to  the  methano  .  V!  ^ 

centrifuge  tube  in  such  a  fashion  that  the  sample  is  dissolved  i 
^submerged  in  the  methanol  or  PEG  as  quickly  as  possible  Take 
care  not  to  touch  the  sample-transfer  implement  to  _  the  me  ^ 

PEG.  Recap  the  centrifuge  tube  immediately  and  weigh  on  an  analytica 

balance  to -determine  an  accurate  sample  weight. 

7333  Disoerse  the  sample  by  vigorous  agitation  for  1  min. 
The  mixture  may  be  agitated  manually  or  with  the  aid  °^f^X'm1Xer 
If  the  sample  does  not  disperse  during  this  *  t J  t0 

mixture  in  an  ultrasonic  bath  for  30  min.  Allow  the  mixture  to 
stand  until  a  clear  supernatant  is  obtained  as  the  sample  extract. 
Centrifuge  if  necessary  to  facilitate  phase  separation. 
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7  -a  >5  4  Thp  samDie  extract  may  be  stored  for  future  analytical 

needs.  if'this  is  desired,  protect 

cap  vial  with  Teflon  cap  liner.  Store  at  -10  to  4u  u,  h 

from  light. 

‘  7.3.4  Reagent  water,  internal  standard  sol  ution  and 1 
extent  are  added  to  ^R^^ng^hamber^ha^^^connect^  ^  ^  ^ 

Tecondi tioning^step  (see  Section  7.3.4 .4) .  The  additions .  are  ma  e a  us, ng 

- 

insert  the  needle  through  the  valve. 

7141  Add  5  0  ml  of  reagent  water  or  aqueous  sample  to 
which  2o!o'pi  Of  the  internal  standard  solution  has  been  added  (see 

syringe  MM  TflT  of  Si  JSZ? o^hHddition  of 
|he  internal  standard  solution.  If  the  sample  is  aqueous  go 
Section  7.3.5. 

7  3  4  ?  Add  an  aliquot  of  the  sample  extract  from  Section 
7.3.3.4,'The'total  quantity  of  volatile  ‘^"^^fcontent 

"(W  htPSSirM^"nthS  ction  7 .3.1.4  1. ^  « 
less  use  a  200-pl  aliquot  of  the  sample  extract.  If  the  m  is 

si 

a  500-ul  aliquot  of  the  sample  extract  and  dilute  t 

P4  In  this  case  calculate  the  aliquot  volume  (in  £ I)  of  the 

undiluted  extract  to  be  taken  by  dividing  4,000 desired.  use  a 

TVC  is  less  than  1.0  mg/g  and  greater  sensitvity  and  ase  a 

large  purging  chamber  containing  25  ml  o  9 
1.0-nl  aliquot  of  the  sample  extract. 

7. 3. 4. 3  Close  the  2-way  syringe  valve  at  the  sample  inlet. 

7.3.5  The  sample  in  the  purgingohamber  is  purged  with^eliu^to 

transfer  the  volatile  components  to  p*  t  by  the  helium  earner 

to  desorb  the  volatile  components  which  are  swept  oy 

gas  onto  the  GC  column  for  analysis. 

7  3  5  1  Adjust  the  oas  (helium)  flow  rate  to  40 ♦  3  ml /min. 
Set  the  purging  device  to  pirge.  and  purge  the  sample  for 
ll.o  +  0.1  min  at  ambient  temperature. 
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7. 3. 5. 2  At  the  conclusion  of  the  purge  time,  adjust  the 
device  to  the  desorb  mode,  and  begin  the  GC/MS  analysis  and  data 
acquisition  using  the  following  GC  operating  conditions: 

Column:  6-ft  x  2-mm  l.D.  glass  column  of  IS  SP-1000  on 
Carbo-pack  B  (60-80  mesh).  . 

c.."..'  Temperature :  Isothermal  at  45  C  for  3  min,  then  increased  at 
8*  C/mi n  to  220*  C,  and  maintained  at  220*  C  for  15  min. 

Concurrently,  introduce  the  trapped  materials  to  the  GC  column  by 
rapidly  heating  the  trap  to  180*  C  while  backflushing  the  trap  with 
helium  at  a  flow  rate  of  30  ml /min  for  4  min.  If  this  rapid 
heating  requirement  cannot  be  met,  the  GC  column  must  be  used  as  a 
.secondary  trap  by  cooling  it  to  30*  C  or  lower  during  the  4-min 
desorb  step  and  starting  the  GC  program  after  the  desorb  step. 

7. 3. 5. 3  Return  the  purge-and-trap  device  to  the  purge  mode 
and  continue  acquiring  GC/MS  data. 

7. 3. 5. 4  Allow  the  trap  to  cool  for  8  min.  Replace  the 
purging  chamber  with  a  clean  purging  chamber.  The  purging  chamber 
is  cleaned  after  each  use  by  sequential  washing  with  acetone, 
methanol,  detergent  solution  and  distilled  water,  and  then  dried 

at  105*  C. 

7.3. 5. 5  Close  the  syringe  valve  on  the  purging  chamber 
after  15  sec  to  begin  gas  flow  through  the  trap.  Purge  the  trap. at 
ambient  temperature  for  4  min.  Recondition  the  trap  by  hewing  it 

.  to  180*  C.  Do  not  allow  the  trap  temperature  to  exceed  180  C, 
since  the  sorption/desorption  is  adversely  affected  when  the  trap 
is  heated  to  higher  temperatures.  After  heating  the  trap  for 
approximately  7  min,  turn  off  the  trap  heater.  When  cool,  the  trap 
is  ready  for  the  next  sample. 

7.3.6  If  the  response  for  any  ion  exceeds  the  working  range  of  the 
system,  repeat  the  analysis  using  a  correspondingly  smaller  aliquot  or 
the  sample  extract  described  in  Section  7. 3. 2. 3. 

7.4  Qualitative  identification 

7  4  1  Obtain  an  EICP  for  the  primary  characteristic  ion  and  at 
least  two  other  characteristic  ions  for  each  compound  when  practical. 

The  following  criteria  must  be  met  to  make  a  qualitative  identification. 

7. 4. 1.1  The  characteristic  ions  of  each  compound  of  interest 
must  maximize  in  the  same  or  within  one  scan  of  each  other. 
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7  4  1.2  The  retention  time  must  fall  within  +30  sec  of  the 
retention  time  of  the  authentic  compound. 

7.4.1.3 

ions  in  the  E1CP  s  must  fall  w  —  .  Reference  spectra  may 

‘  .  of  these  ions  in  a  reference  mass  spectrum  ^teren«  sp^  ^  # 

be  generated  from  f ^"fpecuc generated  standards 

^sfbe  obiai^^roS  an  appropriately  tuned  mass  spectrometer. 

7.5  Quantitative  determination 

7.5.1  When  a  compound  ^as  ^“^jf^ted'abundan^ff^m  Ue'ticfof 
^VrS“  c^rlltfrlSuiS*  In  general  the  as 

ion  selected  should  be  a  y1Jn>5J|eto  the  characteristic  ion  of 

?heSinu;n"ds“n5a°rdeu“dP  Generally,  the  base  peah  of  the  mass 

spectrum  is  used. 

\ 

i.O  Quality  Control 

8.1  Each  laboratory  that  uses  «is  method  is  reguire^to^operat^^ 
formal  quality  control  program.  The  'J1™"  t  ?  capability  and  the  analysis 

:onsist  of  an  initial  demonstration  of  laboratory  cap  j  Uboratory  is 

Df  spiked  samples  as  a  continuing  ch?ck  pdeJine  the‘quality  of  the  data 
required  to  maintain  performance  checks  must  be  compared  with 

that  are  generated.  Ongoing  Pf [f°™^ermine  if  the  results  of  analyses  are 

established  performance  criteria  to  determine  it  tne 

within  the  accuracy  and  precision  limits  expected 

_ 1  .  —  *  r+  Homnn- 


8.1.3  Before  processing  any  ”mPle|'-^5liC-freeSwaterUIethod  blank, 
demonstrate,  through  the  analysis  of  an  ga  c  The  blank 

»«*•  preparation 

and  measurement  steps, 
epresentati ve  sample  as  a  check  sample. 
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8.2.1  Analyze  four  aliquots  of  the  unspiked  check  sample 
according  to  the  method  in  Section  7.3. 

822  For  each  compound  to  be  measured,  select  a  spike 
concentration  representative  of  twice  the  level  found  in  the  unspiked 
check  sample  or  a  level  equal  to  10  times  the  expected  detection  limit, 
whichever^ s  greater.  Prepare  a  spiking  solution  by  dissolving  the 
compounds  in  methanol  at  the  appropriate  levels.  . 

8.2.3-  Spike  a  minimum  of  four  aliquots  of  the  check  sample  with 
the  spiking  solution  to  achieve  the  selected  spike  co^ce^atl0^s* 
SpikePthe  samples  by  adding  the  spiking  solution  to  the  PEG  used  for 
the  extraction.  Analyze  the  spiked  aliquots  according  to  the  method 

Section  7.3. 

8.2.4  Calculate  the  average  percent  recovery,  R,  and  the 

standard  deviation  of  the  percent  recovery,  s,  for wfiJ^befo^e  R  and 
surrogate  standards.  Background  corrections  must  be  made  before  R  and 
s  calculations  are  performed.  The  average  percent  recovery  mus 
qreater  than  20  for  all  compounds  to  be  measured  and  greater  than  6 

for  all  surrogate  compounds.  The  percent  relati va  1 ^^for^ll 
of  the  percen?  recovery.  s/R  x  100.  must  be  less  than  20  for  all 
compounds  to  be  measured  and  all  surrogate  compounds. 

8.3  The  analyst  must  calculate  method  performance  criteria  for  each 
of  the  surrogate  standards. 

8  3  1  Calculate  upper  and  lower  control  limits  for  method  . 
performance  for  each  surrogate  standard,  using  the  values  for  R  and 
calculated  in  Section  8.2.4: 

Upper  Control  Limit  (UCL)  =  R  +  3s 
Lower  Control  Limit  (LCL)  =  R  -  3s 

The  UCL  and  LCL  can  be  used  to  construct  control  charts  that  are  useful 
in  observing  trends  in  performance. 

8.3.2  For  each  surrogate  standard,  the  laboratory  Bust  maintai n 
,  record  of  the  R  and  s  values  obtained  for  each  surrogate  standard  in 
ea""a»e  sample  analyzed.  An  accuracy  statement  should  be  prepared 
from  these  data  and  updated  regularly.  .  • 

8  4  The  laboratory  is  required  to  spike  all  samples  with  m^^that 
standards  to  monitor  spike  recoveries.  The  spiking  level  used  should 

which  will  give  an  amount  in  the  Pur?j-  JpparaJ“*  surrogate  standards, 

of  the  internal  standard  assuming  a  100%  recovery  within  the  control 

tf  thp  rprnvprv  for  any  surrogate  standard  doss  not  fa 

llus  "orTethod  perfomance!  the  results  reported  for  that  sample  must  be 
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*  *  1  limits  The  laboratory  must  monitor 

^ in  ,out,my 

proc:;  r: ,— -  -  -  t 

formance  evaluation  studies  d  w1th  this 

the^sampl  i  rig  techni que .  be  carrie. “£»«" 

the  precision  of  the  »"al0fr";o„F"d  measurement;  they  .should  ^  •n.1y» 

?2^4S®S 

exists  over  the  ’^"^'“VcUoscopy  should  be  used. 

techniques  sue  defined  as  the  minimum  concen- 

tative  wastewaters.  ™e  *®L  afv- ?' ^nd  matrix  effects. 

depending  on  instrument  sensitivity  ^  wastcuaters  spiked 

8.9  in  a  single  laboratory  Series  presented  1. |  Tf 

-rroEt:in^9rst:;da^dev,at,on  of  the  measurement  Pe 
is  also  included  in  Table  3. 
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TABLE  3.  ACCURACY  AND  PRECISION  FOR  PURGEABLE  ORGANICS 


Parameter 


Reagent  Water 

Average  Standard 

percent  deviation 
recovery  (%) 


Wastewater 

Average  Standard 
percent  deviation 
recovery  (%) 


Benzene 

Bromodi chi  oromethane 

Bromoform 

Bromomethane 

Carbon  tetrachloride 

Chlorobenzene 

Chloroethane 

2-Chloroethyl  vinyl  ether 
Chloroform 
Chloromethane 
Dibromochl  oromethane 

1.1- Dichloroethane 

1.2- Dichloroethane 

1.1- Dichloroethene 
trans-l,2-Dichloroethene 

1.2- Dichloropropane 
cis-l,3-Dichloropropene 
trans-l,3-Dichloropropene 
Ethyl  benzene 
Methylene  chloride 

1.1.2.2- Tetrachloroethane 
Tetrachloroethene 
Toluene 

1.1.1- Tri chloroethane 

1 .1.2- Trichloroethane 
Trichloroethene 
Trichlorofluoromethane 
Vinyl  chloride 


Samples  were  spiked  between  10  and  1000  pg/1 


SECTION  D 


IDENTIFICATION  AND  DETERMINATION  OF  SELECTED  SEMIVOLATILE  ORGANICS 
IN  SOIL  AND  SOLIDS:  USATHAMA  CERTIFIED  ICTHOD  L9  for  UBTL; 
USATHAMA  CERTIFIED  METHOD  X9  FOR  CAL;  AND 
USATHAMA  CERTIFIED  METHOD  X9-A  FOR  HEA 


DEVELOPED  FROM 

EPA  METHOD  8270,  SW-846,  2ND  EDITION,  JULY  1982 


USATHAMA  CERTIFIED  METHOD  L9  FOR  UBTL 


UBTL  Method  _ L9 


dsatbama  certified  method 

IDENTIFICATION  AND  DETERMINATION  OF  SELECTED  SEMIVOLATILE  ORGANICS 
IN  SOIL  AND  SOLIDS  BY  GAS  CHROMATOGRAPHY/MASS  SPECTROMETRY  (GC/MS) 


I. 


This  method  is  designed  as  a  semi  quantitative  method  for  the 
following  senivolatile  organic  compounds  in  soil  and  solid  samples 
based  on  solvent  extraction  and  GC/MS  determination  (See  Section  VII 
for  referenced  Methods). 


Analyte 

Aldrin 

Endrin 

Dieldrin 

Isodrin 

p  ,p ’ -DDT  ( 1 , 1-Bi s-( p-chl or ophenyl) - 
2,2,2-trichloroethane) 
p.p’-DDE  (2 ,2-Bis-Cp-chlorophenyl)- 
1 , 1-dichloroethylene) 

CPMS  (chi or ophenyl  methyl  sulfide) 

CPMSO  (chlor ophenyl  methyl  sulfoxide) 

CMPS02  (chlorophenyl  methyl  sulfone) 

HCCPD  (hexachlorocyclopentadiene) 

Oxathiane 

Dithiane 

Malathion 

Parathion 

Chlordane 

Supona 

DIMP  (diisopropyl  methylphosphonate) 

Atrazine 

Vapona 

t)BC?  (dibromochloropropane) 

DCPD  (dicyclopentadiene) 


Molecular  Formula 

C12H8C16 

CX2H8C160 

Ci2h8ci6o 

Ci2%Cl6 

C14H9C15 

Cl4«8C14 

C^CIS 

C7H7C1S0 

C7H7C1S02 

C5H6 

C4HgSO 

C4H8S2 
C10H19°6PS2 
Ci0Hl4NO5PS 
Technical  Mixture 

C12R14C13°4P 

C7«17°3P 

c8H14CLN5 

c4h7ci2o4p 

Cb^5^2^ 

c10H12 


Melting  Boiling 
Point  Point 

(Cc)  (°C) 


-10  239 

147 

110  200 


-1  170 
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standard  soil  and  analyzed 


Analyte 

Oxathiane 

DCPD 

DIMP 

Dithiane 

DBCP 

Vapona 

CPMS 

HCCPD 

CPMSO 

CPMS 02 

Atrazlne 

Malathion 

Aldrin 

Parathion 

Isodrin 

Supona 

p  ,p  '  -DDE 

Dieldrin 

End r in 

P » P ' “DDT 

Chlordane 

Dioctylphthalate-D^ 

2 -Chi orophenol-D^ 

1 ,3-Dichlorobenzene-D^ 
Diethylphthalate-D4 


of  the  compounds  extracted  from 
follows: 

Tested  Concentration 
Range  (ug/g)* 

0.25  -  99.5 
0.25  -  99.5 
0.25  “  99.5 
0.25  -  99.5 
0.25  -  99.5 
0.25  -  99.5 
0.25  -  99.5 
0.25  -  99.5 
0.25  -  99.5 
0.25  -  99.5 
0.25  -  99.5 
0.25  -  99.5 
0.25  -  99.5 
0.25  -  99.5 
0.25  -  99.5 
0.25  -  99.5 
0.25  -  99.5 
0.25  -  99.5 
0.25  -  99.5 
0.25  “  99.5 
0.25  -  99.5 
0.25  -  99.5 
0.25  -  99.5 
0.25  -  99.5 
0.25  -  99.5 


A.  Tested  Concentration  Range 

The  tested  concentration  range 

are  as 


*pg/g  *  micrograns  per  gran 


B. 


Theext  r acted  ion  current  area  count  responses  at  the  detection 
limit  on  standard  soil  (Sec.  I.C)  are: 


Analyte 

Oxathiane 
2 -Chi orophenol-D4 
1 ,3-Dichlorobenzene-D4 
Dicyc lopent ad iene 

DIMP 

Dithiane 

DBCP 

Vapona 

CPMS 


Quantitation 

Ion 

104 

132 

150 

132 

123 

120 

157 
109 

158 


Ion  Peak 
Area 
Counts 

Retention 

Time* 

Relative 
Retention 
Time  (RRT) 

3100 

7:54 

0.357 

7100 

10:05 

0.456 

8100 

10:26 

0.472 

130 

10:53 

0.492 

4700 

11:38 

0.526 

5300 

11:39 

0.527 

2500 

11:59 

0.542 

17700 

14:46 

0.668 

6800 

15:09 

0.685 
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Hexachlorocylopentadiene 

CPMSO 

cpmso2 

Diethylphthalate-D^ 
Atrazine 
Phenanthrene-D j  q 

Malathion 

Parathion 

Aldrin 

Isodrin 

Supona 

Chlordane 

p,p’-DDE 

Dieldrin 

Endrin 

p,p’-DDT 

Dioctylphthalate-D^ 


237 

490 

159 

1000 

175 

1460 

153 

6040 

200 

1440 

Internal 

188 

Standard 

173 

770 

291 

330 

263 

604 

193 

1080 

267 

380 

373 

100 

246 

2990 

79 

1150 

263 

60 

235 

860 

153 

2550 

16:09 

0.730 

18:33 

0.839 

19:09 

0.866 

19:37 

0.887 

21:38 

0.979 

22:07 

1.000 

24:01 

1.085 

24:20 

1.100 

24:19 

1.099 

24.58 

1.128 

25:08 

1.136 

25:36 

1.158 

26:17 

1.188 

26:29 

1.197 

26:56 

1.218 

27:55 

1.262 

32:11 

1.455 

♦minutes: seconds 
RRT  *  Retention  time  relative 
(retention  time  -  22:07). 


to  dl  0-*phenanthrene  internal  standard 


C'  SrdltfeUorri^^fHfanaard  .oil,  calculated  accordlngto 
the  U.S.  Army  Toxic  and  Hazardous  Materials  Agency  (^ATHAMA) 
detection  limit  program  with  90-percent  confidence  limits 
(USATHAMA,  1982)  are: 


Detection  Limit 

Range 

JfJg/g 

Analyte 

Ug/g 

0.3 

0.3  -  99.5 

Oxathiane 

1 

n  a 

1  -  99.5 

2- Chi or  ophen o 1-D^ 

0.4  -  99.5 

1 ,3-Dichlorobenzene-D^ 

u* 

1  -  50 

Dicyclopentadiene 

1 

1 

1  -  99.5 

DIMP 

A 

0*4 

0.4  -  99.5 

Dithiane 

0.3 

0.3  -  99.5 

DBCP 

3 

3  -  99.5 

Vapona 

0.9 

0.9  -  99.5 

CPMS 

n  & 

0.6  -  25.1 

Hexachlorocylopentadiene 

U.o 

n  ^ 

0.3  -  99.5 

CPMSO 

U*  J 

0.3 

0.3  -  99.5 

cpmso2 

0.3  -  99.5 

Diethylphthalate-D^ 

U.  J 

0.3 

0.3  -  99.5 

Atrazine 

0.7 

0.7  -  25.1 

Malathion 

0.9 

0.9  -  25.1 

Parathion 

0.3 

0.3  -  99.5 

Aldrin 

0.3 

0.3  -  25.1 

Isodrin 

0.6 

0.6  -  25.1 

Supona 

Chlordane 

2 

2-25.1 
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p  ,p  *  -DDE 

0.6 

0.6  -  50 

0.3 

0.3  -  99.5 

Dieldrin 

Vi  J 

0.5 

0.5  -  25.1 

Endrin 

0.5 

0.5  -  25.1 

p,p'-DDT 

n  a 

0.6  -  99.5 

Dioctylphthalate-D4 

U  •  O 

B‘  'Noninterferences  -ere  encountered  in  tt.nd.rd  .oil  .-£«■ 

Precautions  oust  be  taken  to  prevent  contamination  artifacts. 
Coeluters  with  similar  ions  fran  field  sanples  could  interf  . 

E'  'one1 sample3 extract or  and  one  GC/MS  operator  can  analyteelght 
sLoles  in  an  eight-hour  day  if  no  significant  amounts  of 
background  interferences  are  detected. 


II. 


CHEMISTRY 


A. 


Abstract  Service  (CAS)  Registry  Numbers 


Analyte 

Aldrin 

Endrin 

Dieldrin 

Isodrin 

p,p’-DDT 

p,p'-DDE 

CPMS  (chlorophenyl  methyl  sulfide) 

CPMSO  (chlorophenyl  methyl  sulfoxide) 

CPMS02  (chlorophenyl  methyl  sulfone) 

HCCPD  (hexachlorocylopentadiene) 

Oxathiane 

Dithiane 

Malathion 

Parathion 

Chlordane 

Supona  . 

DIMP  (diisopropyl  methylphosphonate) 

Atrazine 

Vapona 

DBCP 

DCPD  (dicyclcpentadiene) 

B.  Chemical  Reactions:  K/ A 


CAS  Registry  Number 


309-00-2 

72-20-8 

60-57-1 

465-73-6 

50-29-3 

72-55-9 


77-47-4 

15980-15-1 

505-29-3 

121-75-5 

56- 38-2 

57- 74-9 
2701-86-2 

1912-24-9 
62-73-7 
96-1 2-8 
77-73-6 
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III.  APPARATUS 


A'  rglSSTBSSl  5100  (UBTL  #  MS-05)  gas  chroatograph-mass 

Roeetrometer  equipped  with  a  fused  silica  capillary  column.  The 
CC/MS  system  Is  coupled  to  at  IIKOS  computer  system^  The  systma 
is  operated  in  the  electron  impact  ionization  (El)  »ode  and 
j  r  #*r»nnlv  with  EPA  ion  abundance  criteria  (See  Table  1) 
wh^n  50  ng  of  decafluorotriphenylphosphine  (DFTPP)  is  injected 
as  described  in  EPA  Method  8270. 


Table  1.  DFTPP  Key  Ions  and  Ion  Abundance  Criteria 


Mass 

51 

68 

70 

127 

197 

198 

199 
275 
365 

441 

442 

443 


Ion  Abundance  Criteria 

30.0  -  60.0  percent  of  mass  198 

less  than  2.0  percent  of  mass  69 

less  than  2.0  percent  of  mass  69 

40.0  -  60.0  percent  of  mass  198 

less  than  1.0  percent  of  mass  198 

base  peak,  100  percent  relative  abundance 

5.0  -  9.0  percent  of  mass  198 

10.0  -  30.0  percent  of  mass  198 

greater  than  1.00  percent  of  mass  198 

present  but  less  than  mass  443 

greater  than  40.0  percent  of  mass  198 

17.0  -  23.0  percent  of  mass  442 


Varian  Model  6000  gas  chromatograph  equipped  with  a  fused  sillc 
capillary  column  and  a  fl.me-lonlr.tlon  detector  Is  used  for  the 
GC-Screens.  The  GC  Is  coupled  to  a  strl^chart  recorder  In 
Lain™  to  a  Hewlett  Packard  3357  Laboratory  Data  System. 


EPA  Method  625TEPA,  1984)  for  semlvolatlles  thl 

method  (Attachment  1).  describes  the  recommended  GC/tti 
parameters,  hardware,  glassware,  end  reagents  used  In  thl 

procedure. 


1.  The  GC  conditions  for  the  GC/MS  are: 


Column: 


30m  by  0.25  mm  (id)  DB5  (0.25  pm 
coating)  fused  silica. 


Temperature  Program: 


Held  isothermal  at  45  °C  for  4  min  and 
then  programmed  at  10  *C/min  to 
280  °C. 


Injector  Temperature: 


290  °C 
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Transfer  Line: 
Carrier  Gas: 

Electron  Energy: 

Run  Tine: 

2.  GC  Screen: 

Column : 

Temperature  Program: 


290  6C 

Helium  at  about  30  cm/sec 
70  ev 

34  minutes 


30m  x  0.32mm  (1  yn  film  thickness) 
silicone  coated,  fused  silica 
capillary  column  (DB-5  or  equivalent). 

Initial  column  temperature  is  held 
isothermal  at  60  6C  for  4  minutes  and 
temperature  programmed  at  8  C/ninute 
to  280  eC.  The  temperature  is  held  at 
280  °C  for  8  minutes. 


Injector  Temperature: 
Detector  Temperature: 
Carrier  Gas: 


290  °C 
290  °C 

Helium  at  about  30  cm/sec 


3.  Injection  Volume:  2  yL 

4.  Retention  Times  (GC/MS):  See  I.B.  above. 


C.  Hardware/Glassware: 

1.  Sample  containers,  as  appropriate. 

2.  Soxhlet  extractors  and  associated  equipment. 

3.  K-D  concentrators,  Snyder  columns  and  heated  water  bath. 

4.  Volumetric  flasks,  pipettes,  and  syringes,  as  necessary. 

5.  Forty  mL  vials  with  phenolic  screw  caps  containing  Teflon 
liners. 


Reagents: 


1.  Dichlorome thane,  acetone,  and  toluene: 
Pesticide  Quality  or  equivalent. 


Burdick  and  Jackson 


Analytical  reference  standards  of  each  analyte.  Malathion, 
Parathion,  Isodrin,  Supona,  and  Atrazine  are  from  EPA 
(Reference  Standards  Repository,  RTP-N.C.);  Vapona  is  fr 
CSI  Lot  2-37B  981;  all  others  are  USATHAMA  SARMS  or  interim 

SARMS. 
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3.  Decafluorotriphenylphosphine  (DFTPP) :  Aldrich  Chmical  Lot 

1524  CEJ. 


4. 


al-\ ,3-Di chlorobenzene,  d4-Diethylphthalate, 
d4-Di-n-octylphthalate  and  d4-2-Chlorophenol  as  surrogate s 
from  USATHAMA  as  SARMS. 


5.  dl O-Phenanthrene  as  an  internal  standard  (KOR  Isotopes  Lot 
NL166). 

6.  Phenanthrene  as  GC  Screen  standard  (Aldrich  Chemical). 

7.  Anhydrous  sodium  sulfate  (dichloromethane  rinsed). 


IV.  STANDARDS 

A.  Calibration  Standards 

1.  Stock  Solutions  , 

Primary  stock "solutions  of  each  analyte,  surrogate,  and  the 
dl O-phenanthrene  internal  standard  are  prepared  at  10  mg/mL 
in  di chi orome thane.  Atrazine  is  prepared  at  5  mg/mL  in 
dichloromethane  due  to  low  solubility.  At  10  mg/mL, 
dithiane  requires  extensive  sonication  for  complete 
dissolution. 

All  solutions  are  prepared  in  10  mL  volumetric  flasks  and 
then  transferred  to  15  mL  amber  vials  with  Teflon- lined 
screw  caps,  or  Teflon-faced  septa^and  screw  caps.  The  vials 
are  stored  and  refrigerated  at  4  °C. 

2.  GC/MS  Working  Standards  ..  . 

The  stock  solutions  of analytes  and  surrogates  are  combined 
and  diluted  in  dichloromethane  according  to  the  following 
table : 


Preparation 

1.50  mL  each  stock  /  100  mL 
25  mL  of  150  yg/ml  /  100  mL 
20  mL  of  37.5  yg/mL  /  100  mL 
50  mL  of  7.5  yg/mL  /  100  mL 


Nominal  Final 
Concentration 

150  yg/mL 
37.5  yg/mL 
7.5  vg/mL 
3.75  yg/mL 


3.  Surrogate  Spike  Standard 

The  analytical  stock  surrogate  solutions  (10  mg/mL)  are 
combined  and  diluted  in  dichloromethane  acording  to  the 
fnl loving  schedule: 


Nominal  Final 

Preparation  Concentration 

1.50  mL  each  stock  /  100  mL  150  yg/mL 
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4.  GC/MS  Internal  Standard  .  .  . . ,  . 

The  stock  solution  of  dlO-phenanthrene  (10  mg/mL)  is  diluted 

in  dichloromethane  as  follows: 

Nominal  Final 

Preparation  Concentration 

2.0  oL  of  10  yg/mL  /  10  mL  2.0  mg/mL 

5.  GC/MS  Calibration  Standards 

One  milliliter  aliquots  of  each  GC/MS  working  standard  are 
spiked  with  25  yL  of  the  GC/MS  internal  standard 
solution  (2.0  mg/mL). 


R.  Control  Spikes  ...  .  „  _ 

Aliquots  of  the  GC/MS  working  standards  are  spiked  onto  15  g 
standard  soil  samples  (previously  placed  in  extraction  thimbles 
in  soxhlet  extractors)  according  to  the  following  schedule: 


Level 

0 

.  5X 
IX 
2X 
5X 
10X 
2  OX 
50X 
100X 
200X 


mL  of  Spike  Std.  Added 

0 

1  mL  of  3.75  yg/mL 

1  mL  of  7.5  yg/mL 

2  mL  of  7.5  yg/mL 

1  mL  of  37.5  yg/mL 

2  mL  of  37.5  yg/mL 
1  mL  of  150  yg/mL 

2.5  mL  of  150  yg/mL 
5  mL  of  150  yg/mL 
10  mL  of  150  yg/mL 


Final  Concentration 
for  15.0  g  soil  ~  yg/g 

0 

.25 

.50 

1.0 

2.5 

5.0 

10.0 

25 

50 

100 


For  the  purposes  of  certification,  no  GC/Fin  screens  need  be 
employed. 


For  each  lot,  one  15  g  portion  of  standard  soil  will  be  spiked 
in  the  soxhlet  thimble  with  one  mL  of  the  150  yg/mL  surrogate 
spike  standard  which  contains  each  of  the  four  deuterated 
surrogates  at  a  concentration  of  150  yg/mL.  The  resulting  soil 
spike  contains  each  surrogate  at  a  level  of  10  yg/g. 


V.  PROCEDURE 


*'  fjtrSirff?5XVlll  be  .piked  in  the  aoahletthlmbleulth  the 
analytical  surrogate  .pike  standard.  A  1  mL  aliquot  of  the 
standard  will  be  added  to  each  15  g  soil  saaple  to  give  *  10 
yg/g  surrogate  concentration.  Each  8a°P1®  al8°  nc  6 

a  reagent  blank  and  a  standard  soil  method  blank. 
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B*  Subsamples  (15  g  weighed  i  0.1  g)  are  placed  in  clean  (Soxhlet 
extracted)  paper  thimbles,  mixed  with  30  g  of  anhydrous  sodium 
sulfate  and  spiked  with  the  surrogate  standards.  The  spiked 
soil  is  allowed  to  stand  for  at  least  one  hour  and  then  is 
extracted  for  eight  hours  with  300  oL  of  di chi or erne thane.  The 
extracts  are  concentrated  with  a  K-D  apparatus  to  a  temporary 
final  volume  of  10  mL  for  GC-FID  screening.  Any  further 
concentrations  are  done  under  nitrogen. 

C‘  ^he^GC-FI  ^attenuation  la  ad  justed  «o  that  a  2  #1  : Injection  of 
the  15  yg/tnL  phenanthrene  standard  gives  about  502  full-scale 
deflection.  The  sample  extracts  from  V-B  above  are  analyzed  by 
GC-FID  using  2  yL  hand  injections  (no  autosampler)  to  determine 
whether  the  extracts  will  require  either  concentration  or 
dilution  such  that  the  largest  GC-FID  peaks  will  not  exceed  the 
highest  (150  yg/mL)  GC/MS  analyte  standards.  For  example,  if 
there  are  no  GC-FID  peaks  greater  than  the  15  ug/mL  screen 
standard,  the  sanple  extract  can  be  concentrated  to  1.0  mL  final 
volume;  this  will  allow  the  detection  limits  to  be  met  while  not 
generating  analyte  peaks  greater  than  the  highest  GC/MS 
standards. 

n.  or/MS  Calibration  _  . 

Response  "factors  (RFs)  and  a  standard  curve  for  each  analyte  and 
each  surrogate  are  developed  via  the  dlO-phenanthrene  interna 
standard  by  injection  of  the  four  "GC/MS  Standards  (IV. A., 
above).  The  response  factors  are  updated  daily,  before  the 
analysis  of  sample  extracts,  using  the  middle  iV'5 
standard  mix.  If  the  daily  calibration  RFs  dif^r  (“5^  2 

as  defined  below)  from  the  average  RFs  by  more  than  251  for  a  y 
of  the  surrogates  then  a  new  standard  curve  and  new  set  o 
average  response  factors  must  be  made.  If  the  daily  calibratio 
is  within  the  acceptable  "2D”  window,  then  analysis  of  the 
sample  extracts  can  proceed. 

The  percent  difference  (2D)  calculation  is  l< RF  '  £eg|e 
RF/average  RF]  x  100.  Calculation  and  tabulation  of  daily  RFs, 
average  If's,  and  "2D"  are  easily  done  with  INCOS  or  equivalent 

software. 

The  GC/MS  systen  is  tuned  daily  to  meet  EPA  criteria  for  DFTPP 
(See  Table  1.1). 

E*  After  demonstration  of  acceptable  calibration,  the  •c[*en®d25  - 

extracts  are  analyzed  by  GC/MS.  Just  prior  to  analysis,  a  25  vL 
aliquot  of  the  dlO-phenanthrene  internal  standard  is  added  t 
1.0  mL  of  the  sample  extract,  yielding  an  internal  stands 
concentration  of  50  yg/mL. 
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UBTL  Method  L9 


VI. 


T'  CC/WS  S'St  will  be  tentatively  Identified  by  center 

«e?^d  comparison  to  the  UBS  31 ,000  entry  mass  spectral  _ 

library.  The  mass  apectroscopist  will  use  *  f’ 

.B1,ritv  -  and  "refit”  criteria  to  assign  probabilities  ot 

correct  *  s true  tur  al  assignment.  Hardcopy  mass  spectra  of  all 

unknowns  will  be  provided  with  the  report. 

The  lareest  five  unknown  peaks  which  are  present  in  excess  of 
«n  percent  of  the  area  of  the  m/e  168  peak  for  dlO-phenanthrene 
internal  standard  will  be  library  searched. 


CALCULATIONS 

A.  yg  analyte/oL  extract 


(area  of  analyte  peak)  (50  yg/mL  IS) 
(area  of  I.S.)  (analyte  RF) 


VII. 


Where  I.S.  -  d-10  phenanthrene  internal  standard 

(area  of  analyte  peak)  (50  vg/mL  I.S.J. 
RF  *  Response  Factor  (area  of  I.S.)  (cone,  ot analyte) 

tip  analyte/ mL  extract 

B.  pg  analyte/g  sample  -  ppm  ■=  g  sanple/mL  extract 

r  The  calculated  result  is  corrected  for  recovery  (as  determined 
during  certification)  and  reported  on  a  dry  weight  bas  . 

y^f-EPA  Methods  3540  and  8270  (Test  Methods  for  Evaluating 
send “ nm SW-846,  2nd  Edition,  duly  1982)  .re  attached. 
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UBTL  SEMI -VOLATILE  ORGANICS  (L9) 


Name 

Oxathiane 

Surrogate  D4-2-Chlorophenol 
Surrogate  D4-1 ,3-Di chlorobenzene 
Dicydopentadiene 
Diiaopropyl  methylphosphonate 
Dithiane 

Dibr omo chi oropr opane 
Vapona 

Chlorophenyl  methyl sulfide 

Hexachlorocyclopentadiene 

Chlorophenyl  me thylsulf oxide 

Chlorophenyl  methylsufone 

Surrogate  D4-Diethylphthalate 

Atrazine 

Malathion 

Aldrin 

Parathion 

Isodrin 

Supona 

Chlordane 

DDE 

Dieldrin 

Endrin 

DDT 

Surrogate  D4-Dioctylphthalate 


Code 

Accuracy 

Range 

CRAT 

0.846 

0.3-99.5 

2CLPD4 

1.091 

1-99.5 

13DBD4 

0.828 

0.4-99.5 

DCPD 

1.029 

1-50 

DIMP 

0.998 

1-99.5 

DITH 

0.846 

0.4-99.5 

DBCP 

0.854 

0.3-99.5 

DDVP 

0.999 

3-99.5 

CPMS 

0.997 

0.9-99.5 

CL6CP 

0.823 

0.6-25.1 

CPMSO 

0.999 

0.3-99.5 

CPMS02 

0.962 

0.3-99.5 

DEPW 

1.035 

0.3-99.5 

ATZ 

1.132 

0.3-99.5 

MLTHN 

1.092 

0.7-25.1 

ALDRN 

0.881 

0.3-99.5 

PRTHN 

1.047 

0.9-25.1 

ISODR 

0.978 

0.3-25.1 

SUPONA 

1.023 

0.6-25.1 

CLDAN 

0.939 

2-25. 1 

PPDDE 

1.086 

0.6-50 

DLDRN 

1.048 

0.3-99.5 

ENDRN 

0.942 

0.5-25.1 

PPDDT 

0.983 

0.5-25.1 

DN0PD4 

1.022 

0.6-99.5 

METHOD  3540 
WMHlET  EXTRACTION 


1.0  Scope  and  Application 

1.1  Method  3540  Is  .  proc.dur «  !°r  sot^1 2Sd"s^Sl«!1  *^4^ ef ' ' 

tile  organic  compounds  from  so  ’ J‘  sample  matrix  with  the 

extraction  process  Selection  are  described  In  the 

orga nl c*  analyt 1 ca 1 ' metho^tha  t**!  1 1  be’used  to  analyze  the  extract. 

2.0  Summary  of  Method 

.  4  z  pd  with  anhydrous  sodium  sulfate,  placed  In 

2.1  The  solid  sample  Is  mi: xed  wn  y  wool  and  extracted  using 

an  extraction  thimble  or  between  t  ^^ctor.9  Methylene  chloride  should  be 
an  appropriate  *o1  1 7«  t»o?  »eci f i ed .  The  extract  Is  then  dried  and 

SKST  and°e1the/cleaned^up1  further  or  analyzed  directly  by  the 
appropriate  measurement  technique. 

3.0  Interferences 

3.1  A  procedural  blank  should  be  performed  for  the  compoUst  ^ 

rMiVt^UtMri^  JK.'SLM  performed  on  actual  samples. 

3.2  More  extensive  procedures  than  those  outlined  In  this  method  may  be 
necessary  for  reagent  purification. 

3.3  Procedures  for  the  removal  of  Interferlng^compounds  ««"*“**  „n, 

with  target  compounds  are  descrioeo  i  * 

be  used  to  analyze  the  extract. 


4.0  Apparatus  and  Materials 

4>1  Soxhlet  extractor:  40-mm  I.D..  1th  500-ml  round-bottom  flask. 

4.2  tuderna-Danish  apparatus  1th  three-ball  Snyder  column. 

long  /w1thCcoarse-f rltted  pUu"on  %£i  "d^n'ipprop^^eTec'l^  - 

pssii-,SKiS  -“• 

30  min  or  EK3  SKt  ^  ‘  " 


4.6  Rheostat  controlled  heating  mantle. 


2  /  WORKUP  TECHNIQUES  -  Organic 


5.0  Reagents 

5.1  The  specific  reagents  to  be  employed  in  this  method  may  be  listed 
under  the  organic  analytical  methods  that  will  be  used  to  analyze  the  extract. 
Check  analytical  method  for  specific  extraction  reagent.  If  a  specific 
extracting  reagent  Is  not  listed  for  the  compound(s)  of  interest,  methylene 
chloride  shall  be  used. 

5.2  The  solvent  of  choice  should  be  appropriate  for  the  method  of 
measurement  to  be  used  and  should  give  an  analyte-to-solvent  partition 
coefficient  of  at  least  1  to  1000. 

5.3  Sodium  sulfate:  (ACS)  Granular  anhydrous  (purified  by  heating  at 
400*  C  for  4  hr  in  a  shallow  tray). 

5.4  Soil  samples:  Soil  samples  shall  be  extracted  using  either  of  the 
following  solvent  systems. 

5.4.1  Toluene/Methanol,  10:1  v/v  ACS  reagent  grade  only. 

5.4.2  Acetone /Hexane,  1:1  v/v  ACS  reagent  grade  only. 

5.5  Methylene  chloride:  Pesticide  quality  or  equivalent. 


6.0  Sample  Collection,  Preservation,  and  Handling 

6.1  Adhere  to  those  procedures  specified  in  the  referring  analytical 
methods  for  collection,  preservation,  and  handling. 


7.0  Procedure 


7.1  Blend  10  g  of  the  solid  sample  with  an  equal  weight  of  anhydrous 
sodium  sulfate  and  place  In  either  a  glass  or  paper  extraction  thimble.  The 
extraction  thimble  must  drain  freely  for  the  duration  of  the  extraction 
period.  The  use  of  a  glass  wool  plug  above  and  below  the  sample  Is  also 
acceptable. 

7.2  Place  300  ml  of  the  extraction  solvent  into  a  500-ml  round-bottom 
flask  containing  a  boiling  stone.  Attach  the  flask  to  the  extractor,  and 
extract  the  solids  for  16  hr. 

7.3  Allow  the  extract  to  cool  after  the  extraction  Is  complete.  Rinse 
the  condensor  with  the  extraction  solvent  and  drain  the  Soxhlet  apparatus 
Into  the  collecting  round-bottom  flask.  Filter  the  extract  and  dry  It  by 
passing  It  through  a  4-1n.  column  of  sodium  sulfate  which  has  been  washed 
with  the  extracting  solvent.  Collect  the  dried  extract  In  a  500-ml  Kuderna- 
Danish  (K-D)  flask  fitted  with  a  10-ml  graduated  concentrator  tube.  Wash  the 
extractor  flask  and  sodium  sulfate  column  with  100-125  ml  of  the  extracting 
sol  vent. 


3540  /  3 


■y-vsrs!  iSSscHS  s  HHSHH  sr|:; “ 

top.  Place  tne  *  u  /fh  entire  lower  rounded  surface  of  the  flask  are 
concentrator  tube  and  the  e"ur®  °  .  rt1cal  position  of  the  apparatus 

bathed  in  hot  -tor  J  r  «po  •  «  ^  COm  leu  the  concentration  In 

and  the  water  temperature  as  requ  balls  of  the  column  will 

15-20  mi  n.  At  the  proper  r  te  o  4  111  it  „t  ,0,ume 

inns- « *?paritus  *nd  ,,,w  n  to  dr4’n 

least  10  tnin  while  cooling. 

^Ki-AW a ;  a“' 

Proceed  with  analysis  and  cleanup  if  necess  y. 


8.0  Quality  Control 


METHOD  8270 


6C/MS  METHOD  STM! VOLATILE  ORGANICS: 

- - r*AMi  t  ARy  column  UChniquE 


1.0  Scope  and  Application 


SrUuHlonst'iiUer-c.kei  spent ’carbons,  spent  catalysts.  spilt,  end 
sediments. 

1.3  Method  8270  cen  be  used  to  ^"M^e"SloHde"!id  Capable  "“being'' 

organic  compunds  that  are  so  from  a  gas  chromatographic  fused 

eluted  without  denyat1z!^J"ria^tJ  ?slightly  polar  silicone.  Such  compounds 

;i:s.“,sKX“ sssw . 

clmpo^nls *.  and  phenols.  Including  nitrophenols. 

1.4  The  detection  limit  of 

CZn?U)\  of  "total*  sol  vent^ext  re  ctabl  e  material,  the  detection  limn  is 
proportionately  higher. 

1.5  Method  8270  is  based  upon  a  solvent  extraction,  gas  chromatographic/ 
mass  spectrometric  (GC/MS)  procedure. 

1.6  This  method  is  restricted  to  “^^^g^/mas^spectrometers  and 
analysts  experienced  in  DnSof°mass  spectra.  9  Each  analyst  must  demonstrate 

Mll^o  generat^acceptabl^results^ith  this  method. 


2.0  Summary  of  Method 

2.1  Prior  to  using  this  “thod.  tha  wste^samples  should  tion 

methodr-mi“e!“*separatoryCfunne|^liqu^cl-Mqu1d^extracUon^(Method^3510) 

sonication  (Method  3550),  *JJt4en  techniques  should  be  used.  This  method 

iti cri bes^chroma t ographi c  USES  SS  "*  «  ** 

compounds  in  the  extract. 


2  /  ORGANIC  ANALYTICAL  METHODS  -  GC/MS 


3.0  Interferences 

ni»ccware  and  other  sample  processing  hardware 

3.1  Solvents.  delated  baselines  causing  mtslnterpreta- 

may  yield  discrete  .  .h  materials  must  be  demonstrated  to  be  free 

tionof  chromatograms.  All  i Jonditionsof  the  analysis  by  running  method 

Si^sSSSnr-wsr*  - — *’ 

or  waste  being  sampled. 

3.3.1  elassvare  must  be  “''^“^“g’iith't^iast'sSlvJ'nt  2se“ln 

mended  whenever  f?as1f  e;ndA!**™5ryingmay  be  used.  Cleaned  glassware 
SSSi-bl'SSUTnTii.SS  r.  clean9,nv1ronment  to  prevent  any 
accumulation  of  dust  or  other  contaminants. 

3.2.2  The  use  of  high  purity  reagents  and  solvents  helps  to 
minimize "interference  problems. 


4.0  Apparatus 

riacc  errew-caD  vials  or  jars  of  at  least 

100  J1aPne9*=V^“e  ?Ked. 

4.2  Glassware 

4.2.1  Beaker:  4 00 -ml . 

.,tn  screw  caMCornlng'lllIi  . SlrtM  fitted 
with  Teflon  liners. 

4.3.3  Concentrator  tube. .KST’^cJl'bratlon'Sis^^checked  at 

(rentes  K  570050-2526  or  equlva^ent^.  Cal ibratio  i§  use„  t0 

the  volumes  employed  in  the  test,  srou  * 
prevent  evaporation  of  extracts. 

o  a  r  native  flask-  Kudema-Danish  250-ml  (Kontes  K-570001-0250 

or  equivalent)^0 Attach  ^UnceSrator  tub.  with  springs. 

4.2.5  Snyder  column,  Kuderna-Danlsh:  Three-ball  macro  (Kontes 
K-503000-0121  or  equivalent). 
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4.2.6  Snyder  column,  Kuderna-Danish:  Two-ball  micro  (Kontes 
K-569001-0219  or  equivalent). 

4.3  Filter  assembly 

4.3.1  Syringe:  10-ml  gas-tight  with  Teflon  luer  lock  (Hamilton 
1010TLL  or  equivalent). 

4.3.2  Filter  holder:  13-mm  Swinny  (Millipore  XX30-012  or  equiva- 

4.3.3  Prefilters:  glass  fiber  (HilHpore  AP-20-010  or  equivalent). 

4.3.4  Membrane  filter:  0.2-pm  Teflon  (Millipore  FGIP-013  or 
equivalent) 

4.4  Micro  syringe:  100-pl  (Hamilton  #84858  or  equivalent). 

4.5  Weighing  pans,  micro:  approximately  1-cm  diameter  aluminum  foil, 
jrchase  or  fabricate  from  aluminum  foil. 

4.6  Boiling  chips:  Approximately  10-40  mesh  -b-undum^.H.Jhoma^ 
1590-D30  or  equivalent).  Heat  to  4t>u  t  Tor  3 

ene  chloride. 

4.7  water  bath:  Heated,  capable  of  temperature  control  (±Z*  O-  The 
ath  should  be  used  in  a  hood. 

4.8  Balance:  Analytical .  capable  of  accurately  weighing  0.0001  g. 

«.g  Microbalance:  Capable  of  accurately  weighing  to  0.001  mg  (Mettler 
nodel  ME-30  or  equivalent). 

4.10  Homogenizes  high  speed:  Brinkmann  Polytron  model  PT  10ST  with 
reflon  bearings,  or  equivalent. 

4.11  Centrifuge:  Capable  of  accommodating  200-ml  glass  centrifuge 
tubes. 

4.12  pH  Meter  and  electrodes:  Capable  of  accurately  measuring  pH  to 

+0.1  pH  unit. 

4.13  Spatula:  Having  a  metal  blade  1-2  cm  in  width, 
conveniently  adjusted. 


4  /  ORGANIC  ANALYTICAL  METHODS  -  GC/MS 


Gas  chromatograph/mass  spectrometer  data  system 


4  15  1  Gas  Chromatograph:  An  analytical  system  complete  with  a 
columns,  and  gases# 

4  15  »  Column:  30-m  x  0.25-mm  bonded-phase  silicone-coated  fused 
sllica'caplllary  columm  (JM  Scientific  DB-S  or  e,u1valent). 

4.15.3  Mass  spectrometer:  Capable  ^scanning  *-3*^““ 
every  1  sec  or  less,  ut  ll  tlng  70  volts^inom  #  ^  spectrum  ^ 

electron  Impact  ionization  mode  a  P^  ^  decaf luorotrlphenyl- 

nhosptitne  (DFTPP)  is  injected  through  the  GC  Inlet. 


TABLE  1.  DFTPP  KEY  IONS  AND  ION  ABUNDANCE  CRITERIA* 


68 

70 

127 

197 

198 

199 

275 

365 

441 

442 

443 


Ion  abundance  criteria 

30-60%  of  mass  198 

Less  than  2%  of  mass  69 
Less  than  2%  pf  mass  69 

40-60%  of  mass  198 

Less  than  1%  of  mass  198 

Base  peak,  100%  relative  abundance 

5-9%  of  mass  198 

10-30%  of  mass  198 

Greater  than  1%  of  mass  198 

Present  but  less  than  mass  443 
Greater  than  40%  of  mass  198 
17-23%  of  mass  442 


spectrometry.  Analytical  Chemistry  47.995. 
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11{.  ep/Mc  interface*  Any  GC-to-MS  Interface  that  gives  accept- 
Sections  7.2»  •  materials  are  recommended.  Glass  can  be 

•1l*?*,”oSt5B-l?,iSSiTot5,SiSS*ec255n2Sr5“ 

Xc.  cd-  U  .ISO  » 

Inserted  directly  Into  the  MS  source  housing. 

.  cvstem:  A  computer  system  must  be  interfaced  to  the 

4.15.5  Data  sys  •  t  jiiinw  the  continuous  acquisition  and 

mass  spectrometer.  Th®  s^tem  mu  o« ^  spectra  obtained  through- 

sns  -"HtS:  js  smssisi  2= 

sras  rsts  s^surs,^-?s«TO,.Th,‘ 

^tefre^st  .ifo  iS  .«i1.bl«  tSJt  .Hows  integrating  the  ebund.nce  in 
ImyEICP  between  specified  time  or  scan  number  limits. 

4.16  Gel  permeation  chromatography  system 

4.16.1  Chromatographic  col umn :  600-mm  *  25-mm  I.D.  glass  column 

fitted  for  upward  flow  operation. 


4.16.2  Bio-beads  S-X8:  80  g  per  column. 

4.16.3  Pump:  Capable  of  constant  flow  of  0.1  to  5  ml/min  at  up 
to  100  psi. 

4.16.4  Injector:  With  5-ml  loop. 

4.16.5  Ultraviolet  detector:  254  mm. 

4.16.6  Strip  chart  recorder. 


5.0  Reagents 

Interferent'ls'not^observed'at'the'methoc^detectio^llmil^of'eactrcompound 

Interest. 


5.J  Potassium  phosphate,  tribasic  (K3PO4):  Sr.nul.r  (ACS). 

5.3  Phosphoric  acid  (H3PO4):  8SJ  aqueous  solution  (ACS). 

5.4  sodium  sulfate,  anhydrous  (M42S04):  Powder  (ACS). 


6  /  ORGANIC  ANALYTICAL  METHODS  -  GC/MS 

5.5  Methylene  chloride:  Distllled-in-glass  quality  (Burdick  and 
Jackson,  or  equivalent). 

5.6  Dio-Phenanthrene. 

5.7  Decafluorotri phenyl  phosphine  (DFTPP). 

5  8  Retention  time  standards:  D3-phenol ,  Ds-naphthalene, 

Di n-phenanthrene .  0i2-chrysene.  and  0i2-benzo(a)pyr«ne.  t>i2-peryl«ne 
mi$  be  used  in  place  of  012-benzo(a)pyrene. 

6  9  Column  performance  standards:  03-phenol ,  Ds-aniltne, 
D5-nitroben2ene,  and  D3-2,4-din1trophenol . 

6.10  Surrogate  standards:  Oecafluorobi phenyl ,  Z-fluoroaniline,  and 
pentafluorophenol . 

5  11  CPC  calibration  solution:  Methylene  chloride  containing  100  mg 
corn  oil,  20  mg  di-n-octyl  phthalate,  3  mg  coronene,  and  2  mg  sulfur  per 

100  ml . 

6  0  Sample  Collection.  Preservation,  and  Handling 

srstrj's.'  rarrsass.. 

sources  of  contamination. 

6.2  The  samples  must  be  iced  or  refrigerated  at  f  C  from  the  time 
of  collection  until  extraction. 

6.3  All  samples  must  be  extracted  within  14  days  of  collection  and 
completely  analyzed  within  40  days  of  extraction. 


7.0  Procedure 

7.1  Calibration 

7  l  1  An  internal  standard  calibration  procedure  Is  used.  To  use 

may  be  substituted  tor  0l2benzo(a)pyrene.  The  analyst  must  u 
demonstrate  that  measurement  of  tlw  Internal  s-anoara^s^  ry 

method  or  matrix  ljlonfof*the  standards.  If  interferences  ere  noted. 
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,„d  .  mass  spectrometer  toning  standard  may  be  Included  in  the  internal 
standard  solution  used. 

selectedthat  Sl**t4™UW-lircSn^on|S|^of01«t  .renin  arthbma- 
,  UK  ^KenUon  uLstandards.  jheretention  time 

0r  “UnLd  for  aeneUl  use:  Dj-phenol.  08-n.phthalene, 

teisjs&sssssa. 

7112  Representative  acidic,  basic,  end  polar  netural 

compoundsUre  ®^ed  with  the  internal^standard^to^assess  4Jethe 

column  performance  of  the  t  ^  affected  by  method  or 

column  performance  st4"lYUUowing  column  performance  standards 

matrix  interferences.  Thefol  lowing  column 

D5U nilinetnD5 “nitrobenzene,  and  D3-2^4-d^nitrophenoK^^^  )f 

These  compounds  can  also  *®™e  standards  recommended  in 
2SM.M  can  sir UVolrU-rn^nU  standards  if 
appropriate. 

tuninglor  each  GC/MS  run  to  be  checked. 

7. 1.1*4  Prepare  the  internal 

in  50.0  ml  of  methylene  chloride.  10.0  s  1AAA.  TM  resulting 
solution^millUontain  eichlUndird  at’,  concentration  of  200  pg/ml. 

7.1.2  Prepare  calibration  standards  .!  ^YY/eac^amU-' 

tration  levels  for  each  compound  of  with  250  ul  of  the 

tion  standard  or  standard  mixture ^shoul  c#1ibration  standards  should  be 

internal  standard  solution.  method,  detection  limit,  1  to 

at  a  concentration  should  correspond  to  the  expected 

UnroWoKtr  UrrrMmples  or  should  define  the 
working  range  of  the  6C/MS  system. 

7.1.3  Analyze  1  pi  of  **‘!j cCionbagrinst5concentration*foraeach 

UmpoundUncluding^standardNompound.  Calculate  response  factors  (RF) 
for  each  compound  as  follows: 
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RF  «  (AsCis)/(AisCs) 


where: 


As  *  Response  for  the  parameter  to  be  measured. 
A<c  *  Response  for  the  Internal  standards. 


Ci5  =  Concentration  of  the  internal  standard  in  pg/1. 

C  *  Concentration  of  the  compound  to  be  measured  in  pg/1. 

if  the  RF  value  over  the  working  range  is  constant  (less  than  20% 
Jlluivesnndtrd  deviation),  the  RF  can  be  assumed  «  *  1nv!"an' 
the  average  RF  can  be  used  for  calculations.  AUern*^!^y*At5?.^ results 
can  be  used  to  plot  a  calibration  curve  of  response  ratios,  AS/A1S, 

against  RF. 

714  The  RF  must  be  verified  on  each  working  day  by  the  measure- 
nt  of *  two  or  more  calibration  standards,  including  one  at  the  beginning 
of  the  day  o°5  one  at  the  end  of  the  day.  The 

for  the  calibration  standards  analyzed  inriediately  before  ^d  after  a 
set  of  samples  must  be  within  +20%  of  the  response  factor  used  for 
quantification  of  the  sample  concentrations. 

7.2  Daily  GC/MS  performance  tests 

721  At  the  beginning  of  each  day  that  analyses  are 
performed*,  the  GC/MS  system  must  be  checked  to  see  that  acceptab 
performance  criteria  are  achieved  for  DFTPP. 

7.2.2  The  DFTPP  performance  test  requires  the  following  instru¬ 
mental  parameters: 

Electron  energy:  70  volts  (nominal) 

Mass  Range:  40  to  450  amu 
Maximum  Scan  Time:  1  sec  per  scan 

723  Inject  a  solution  containing  50  pg/ml  of  DFTPP  into  the 

• sjws  swr. ® 

spectrum  of  DFTPP  given  in  Table  1. 

724  DFTPP  Is  Included  in  the  internal  standard  solution  added 

10%  absolute  abundance  from  that  observed  during  the  ana  y 
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brationsolution  reanalyzed  until  the  above  condition  is  «t. 

7.3  Sample  extraction 

'■  ,  ,  c.mnipc  mav  be  extracted  by  Methods  3510,  3540,  or  3550, 

or  by  th;  to 

*^^on  of’.nhydroui | 

The  amount  of  acid  or  base  samples  are  extracted  using  Method  3510 

by  titration  of  the  sample.  Aqueous  samples  are^extra^^  *  ,nd 

semi  sol  ids  "are  extracted  by  Methods  3540  and  3550  or  by 
the  extraction  described  in  Steps  7.3.1  through  7.3.3. 

7.3.1.1  Thoroughly  mix  the  j-pl. towajl.  Jf 

Sffi&  &Er? M?7S  ml  mlthyU-Ahloride  and  150  ml  mater. 

7.3.1. 2  Homogenize  the  mixture  for  *  Lo^any1"9  * 

high-speed  h-oj.n1.er  Use  . .  «ul ore  or 

“rin1g“ihehStomo9eMz«ion  to  ensure  thorough  dispersion  of  the  sample. 

7^13  Adiust  the  pH  of  the  mixture  to  7.0  +  0.2  by  titration 
..h  Zi-l-Lpo!  or  o:S  mVo4  using  a  pH  meter  to  measure 
Record^the  volume  h  acid  or  base  required. 

7.3.2  The  extraction  with  methylehe  chloride  U m?  * 

fresh  portion  of  the  sample.  *ith  surrogate  standards  as 

200-ml  centrifuge  tube.  Spike  the  sa  pie  J^Une  chloride  followed  by 
described  in  Section  8.4.  Add  150  ml  of  meiny ie^  ^  *  M  ^  or 
1.0  ml  of  4  M  Phosphate  buffer  pH  7.0,  and  an  **°  }  fequirement 

4  M  K3PO4  equal  to  one  tenth  of  the  requirement  in 

£X!SM.? -’."S-ort  ^0.4  n  hjpoa.  °f  4  "  H^4 

needed  would  be  0.2  ml. 

7.3.3  Homogenize  the  mixture  for  J^t.l  of  30  s,c  usih^.^gh- 

speed  homogenizer  at  full  speed.  Joolthe  mixture  i  20-30*  c> 

5  cold  water  bath,  if  necessary  to  to  the 

Use  a  metal  spatula  to  h*]?  ^durina  t^e  homogenization  to  obtain  as 

centrifuge  tube  or  homogenizer  during  ^^0^0^  ^  samples#  espe- 

thorough  a  dispersion  of  the  s  ^?ter  may  not  disperse  well  In  this  step 
daily  those  that  contain  much  wat  ,  may  pwd  an  amount  of 

but  will  disperse  after  50J1“*  t0  if.o  g  plus  3.0  g  per  ml  of 

anhydrous  sodium  iuJ,fa^pg®wj5dedQin1  Section  7?3.2.  Homogenize 

*dheres\o“theS centrifuge  ?TS  during  the  homogeniz.tion 
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to  ensure  thorough  dispersion.  (NOTE:  This  step  may  cause  rapid 
deterioration  of  the  Teflon  bearing  In  the  homogenizer.  The  bearing 
■*  ho  ronlaeed  whenever  the  rotor  shaft  becomes  loose  to  prevent 

parts.)  Allow  the  mixture  to  stead  until  a 
??“?  sJpernaat.«  Is  obtained.  Centrifuge  if  necessary  to  fact  itate 
the  phase  separation.  Filter  the  supernatant  required  for 
7.3.4,  7.3.5,  and  7.3.7  (at  least  2  ml)  through  a  0.2-ym  Teflon  filter. 

7  3  4  Estimate  the  total  solvent  extractable  content  (TSEC)  of  the 
sample* by  determining  the  residue  weight  of  an  aliquot  of  the  supernatant 
ft™  Section  7  3  3  Transfer  0.1  ml  of  the  supernatant  to  a  tared 

adl!un«  loSSt'S’  ‘  * 

sr.ra 

Snyder  column:  add  two  boiling  chips  and  heat  In  a  water  oacn  ax  ouo 
Paniculate  the  TSEC  as  milligrams  of  residue  per  gram  of  sample  us1n9 
eSLSSSVS  concentration  was  not  required  or  Equation  2  if  concentra- 

tion  was  required. 


residue  weight  0.1  ml  of  supernatant 


(Eq.  1) 


mg  of  residue 
g  of  sample- 

of  residue  .  residue  weight  (mol  of  0.1  ml  of  cone,  supernatant  (£q.  £) 
g  of  sample  °*05 

7  3.5  If  the  TSEC  of  the  sample  (as  determined  in  Sectldn  7.3)  is 

less  than  50  mg/g,  concentrate  an  aliquot  of  the  supernatant  that 
less  ;nan  3  .’  s'f  nl  t0  20  ma  of  residual  material.  For  example, 

l?Th  "IsEC  s  «  Ig/0  u  a°20-m™!aliquot  of  the  supernatant  which 

i  U  coltlfn  !?.i  mg  of  rllidual  material,  or  if  the  TSEC  is  16  mg/g 

use  a  SO-ml  aliquot  of  the  supernatant  *2,  Of  the 

Place  the’lC-D  apparatus  in  the  water  bath  so  that  the  concentrato 

STttlnlSfnlltirSSI  «rt^?'  osition 

SlU  WttTcll J£  actively  chatter  but  the  ch.mb ers  do  not  flood. 
rr.^IrIl2|,?r^\L:,^0r*"bar.0'dM.irolThe#Io?v“t\0  ^rfor  at 

I'm  JJJ.flS.W.rS  concent rator°tube  Methylene 
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fa^u^ 

5S  uWS  -"TS.  ?*«£»“ 

^r4°«  i  concentration  of  S0-100  M/W. 

7.3.7  If  the  optimum  concent  ration^detenninecMn^Sect  ion  ^7. 3^6  jf 

20  mg  of  residual  ^g^ater  than’20  mg  of  residual  material  per 

the  optimum  concentration  is  9  50  _Q/g  apply  the  GPC  cleanup 

and  if  the  TSEC  is  greater  than  50  mg/9^  g*cl#inup#  concentrate 
procedure  described  in  lectio  •  •  ^  3  3  or  a  portion  of  the  super- 

So  «1  of  the  supernatant  Jrf  7 ^  residual  material  (whichever 

natant  that  contains  a  total  h  onc|ntration  procedure  described  in 
is  the  smaller  volume).  Use  final  volume  of  15-0  ml.  Stop  the 

Section  7.3.5  and  concentrate  to  a  0iiy  or  semisolid  mate- 

iEirr-iW'--1 » ”'*■  - 

settle  out.)  f  the 

7.3.6  Concentrate  forf-er  or  dilute  «  “““"^^tan?  from 
Sasr.-WK  an  aii.ot  of  £ 

the^ptimum  concentration,*as  described  in  Section  7.3.6 »^°r 

volume' in'the'concentrator  tube  f  Stolid  material 

separates' out  ;  ne  «Ur> ol°S  1 

10Pml)  to  redissolve  the  ®Jter  •  (  lfi  out).  Add  ?i<U  pi  ot  the 

•mounts  of  inorganic  salts  ^**^*50  „g  each  of  the  internal 
internal  standard  solution,  column  performance  standards, 

standard  retention  time  standards,  column  pe  ^  fj)r  GC/K$  ,na lysis  as 
OFTPP,  to  1.0  ml  of  thefinaco  concentration  in  the  origina 

described  In  Section  7.5.  Cal fHlainternal  standard  using  Equation  3  i 

sample  that  is  represented  by  t be  Internal  «tt  &  ^  use  in  Section 
^XatUI  “To  *mS»t  of  the  supernatant  from  Section  .... 
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was  used  In  Section  7.3.8  or  Equation  5  if  an aliquot  of  the  GPC  concen“ 
trate  from  Section  7.4.3  was  used  In  Section  7.3.8. 

■«  of  Int.  Std.  .  _50  x  150  ,  12.  X  F<Ml  Vf-  t"11^  (Eq.  3) 

g  of  samp \ e  3  vs(7.3.5)  Vc  (7.3.8) 


ug  of  Int.  Std. 
g  of  sample- 


150  Final  Vol .  (ml) 

Vs(7.3.8)  1 


(Eq.  0 


ug  of  Int.  Std.  .  50  150  „  *F_  „  Final  Vol.  Mi  (Eq.  5) 

g  of  sample  T  vs(7.3.7)  VBPC  (7.3.7)  1 


where: 

Vc  *  Volume  of  supernatant  from  Section  7.3.3  used  in 
Sections  7.3.5,  7.3.8,  7.3.7 

V  / ?  3  8\  «  Volume  of  concentrate  from  Section  7.3.5  used  in 

'  '  *  '  Section  7.3.8 

VF  (7  3.7)  ■  Final  volume  of  concentrate  In  Section  7.3.7 

VGpr  ■  Volume  of  GPC  concentrate  from  Section  7.4.3  used  in 
a  *  Section  7.3.8 

Use  this  calculated  value  for  the  quantification  of  individual  compounds 
as  described  in  Section  7.7.2. 


7.4  Cleanup  using  gel  permeation  chromatography 

7  4  1  Prepare  a  600-mm  x  25-mm  I.D.  gel  permeation  chromatography 
(GPC)  column  by'slurry  packing  using  80  g  of  Bio-Beads  S-X8  that  have 
been  swelled  in  methylene  chloride  for  at  least  4  hr.  Prior  to 
Initial  use  rinse  the  column  with  methylene  chloride  at  1  ml /mm  fo 
is  hr  to  remove  any  traces  of  contaminants.  Calibrate  the  system  by 
injecting  5  ml  of  the  GPC  calibration  solution,  eluting  with  methylene 
chloride  at  5  ml /min  for  50  min  and  observing  the  resultant  UV 
2uc»r  trace.  The  column  may  be  used  indefinitely  as  ong  as  no 
darkening  or  pressure  increases  occur  and  a  column  *W<:1iinC)r  of  at la 
500  theoretical  plates  is  achieved.  The  pressure  should  not  be  permitted 
to  exceed  50  psi.  Recalibrate  the  system  daily. 

7  4  2  Inject  a  5-ml  aliquot  of  the  concentrate  from  Section  7.3.7 
onto  thMpC  column  and  elute  with  methylene  chloride  at  5  ml /min  for 
50  min.  Discard  the  first  fraction  that  elutes  up  to  *  ^"t Jl«e 
represented  by  the  minimum  between  the  corn  oil  peak  and  the  di  n  octyl 
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phlhalate  peal  1» 

•luting  up  to  #  retention  time  P  calibration  run.  Apply  the 

»cK  «  >f  *<“  con“ntr,te  fr°” 

£rt1on  f.lTind  combine  the  factions  collected. 

7  4  3  concentrate  the  combined  6JC  fractions  to  Js 

des  cri  be  cM  n%ect  i on  7.3.5.  ||  -  «  the  T«C  of  ^  con„nU4te  a5 

described  in  Section  7.3.4. 
described  In  Section  7.3.6. 

7.5  Gas  chromatography /mass  spectrometry  ^ 

7.5.1  Analyte  the  Inal  “^f/.^/^ed^'used-siiica  capillary 
Sumn!  3?ne  J.?Se“«  conditions  to  be  osed  are  as  follows. 

Initial  column  temperature  hold:  *0  C  for  4  min 
column  temperature  program:  40-770-  C  at  10  degrees/min 
F1„.l  column  temperature  hold:  770*  0  C^Bontofghi )pe 

Injector  temperature:  290*  C 
Transfer  line  temperature:  300  C 
Injector:  6rob-type,  splitless 
Sample  volume:  1-2  pi 

C— :  .drogen^preferred,  at  50  cm/sec  or  helium 

_  ,  <nn  exceeds  the  working  range  of  the 

7.5.7  If  the  response  for^"^1  reanalyse. 

GC/KS  system,  dilute  .ntuative  measurements  as 

7  c  3  Perform  all  qualitative  •"J  'luantUat  ^  be1ng  a 

qnscrmSNn  Sections  7.Gj.n  ;.7.  ^  ethe«tr,gM  ^  .eri)Mip  „.ls 

Kw/Si  unpierced^ef Ion-lined  septa. 

7  6  Qualitative  Identification 

7  6  1  Obtain  on  E1CP  for  the  prlmary^characterHtiCn  “a“lcal. 
rlohLCcMUM^  IS  to  mate  a  qualitative  Identified  • 
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7.6. 1.1  The  characteristic  Ions  for  each  compound  of  Interest 
must  maximize  In  the  same  or  within  one  scan  of  each  other. 


7.6. 1.2 
the  relative 
compound. 


The  retention  time  must  fall  within  ^15  sec  (based  on 
retention  time)  of  the  retention  time  of  the  authentic 


7  6  13  The  relative  peak  heights  of  the  characteristic  Ions 
In  the*EICP's  must  fall  within  +20%  of  the  relative  Intensities  of 
these  ions  in  a  reference  mass  spectrum. 


7.7  Quantitative  determination 


7.7.1  When  a  compound  has  been  Identified,  the  quantification  of 
that  comDound  will  be  based  on  the  Integrated  abundance  from  the  El CP  of 
X!  ohSKv Characteristic  Ion.  In  genlral .  the  primary  characteristic 
ion  selected  should  be  a  relatively  Intense  ion  as  Interference-free  as 
possible,  and  as  close  as  possible  In  mass  to  the  characteristic  Ion  of 
the  internal  standard  used. 


772  Use  the  internal  standard  technique  for  performing  the 
quant^ication!  cMUlIte  the  concentration  of  each  Individual  compound 
of  interest  in  the  sample  using  Equation  6. 


Concentration,  pg/g 


pg  of  Int.  Std. 
g  of  sample 


(Eq.  6) 


where: 

pq  of  Int.  Std.  ,  internal  standard  concentration  factor  calculated 
g  of  sample  in  section  7.3.8. 


As  *  Area  of  the  primary  characteristic  Ion  of  the 
compound  being  quantified 

us  ■  Area  of  the  primary  characteristic  ion  of  the 
“5  internal  standard 


RF  •  Response  factor  of  the  compound  being  quantified 
(determined  In  Section  7.1.3). 

773  Reoort  results  In  pg/g  without  correction  for  recovery  data. 
When  dupiicate^end  ipUed  sampUs  are  analyzed.  report  .11  dot.  obtained 
with  the  sample  results. 

7  7  4  If  the  surrogate  standard  recovery  falls  outside  the  control 
11m1ts*1n  Section  8.3,  the  data  for  all  compounds  In  that  sample  mu 
be  labeled  as  suspect. 
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o  0  Quality  Control 

8.1  Each  laboratory  that  uses  this  method  is  requi red 

e.r  edf stye's  as  .  ^fe94«r  sV«  Of  data  that 

accuracy^and^recIslon'Nlmlts  expected  of  the  method. 

8.1.1  Before  perking 

Sn^SSdf’lili  abi  11tyf  ^established  as  described  In  Section  8.2. 

8.1.2  The  laboratory  must  spUe^all^sampleSn1ncUidin9rChec^ 

$Tn1sSprocedure  Is  described  1h  Section  8.4. 

•i  ITSw! 

BS"  r  s,;  r — -  -  — • 

to  the  method  beginning  in  Section  7.3. 

8.2.2  For  each  compound  to  be  SnspIkedTheck 

sss  s  sss.  ssa.’- «•  »"»>■» 

. .  nf  »ha  check  sample  with 

the  solutfon''to'acn1eyeftne^selected^spixe  concentrations. 

for^extractlon1.*5  Analyte'the  .‘pH*  .1«M»  to  the  metho 

described  beginning  in  Section  7.3. 

d  ..rant  recovery  (R)  end  the  standard 

8  2.4  Calculate  the  average  P  compounds  and  surrogate 

deviation  of  the  percent  recovery  (O  fo^l^conp^^  r  ^  $  caUola- 
standards.  Background  correctlo  nt  recovery  must  be  9«ater  tha 

♦<nns  are  performed.  The  averag  y  oreater  than  60  for  all  surro 
20  for  all  compounds  to  be  Standard  deviation  of  the  percent 

fete  compounds,  ft.  P-cant  for  compounds  to  be 

”C.^*4d  ind  all  surrogate  compounds. 
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8.3  The  analyst  roust  calculate  method  performance  criteria  for  each  of 
the  surrogate  standards. 

8  3.1  Calculate  upper  and  lower  control  limits  for  method  perform- 
'*  ance  for*each  surrogate  standard,  using  the  values  for  R  and  s  calculated 

in  Section  8.2.4: 


Upper  Control  Limit  (UCL)  ■  R  ♦  3s 
Lower  Control  Limit  (LCL)  *  R  -  3s 


The  UCL  and  LCL  can  be  used  to  construct  control  charts  that  are  useful 
in  observing  trends  in  performance. 


8  3  2  For  each  surrogate  standard,  the  laboratory  must  maintain  a 
record  of  the  R  and  s  values  obtained  for  each  surrogate  standard  In 
each  waste  sample  analyzed.  An  accuracy,  statement  should  be  prepared 
from  these  data  and  updated  regularly. 


8.4  The  laboratory  is  required  to  spike  all  samples  with  the 
standard  to  monitor  spike  recoveries.  The  spiking  level  used  should 
which  will  give  a  concentration  in  the  final  extract  used  for  GC/MS  analysis 
that  is  equal  to  the  concentration  of  the  internal  standard  assuming  a  100% 
recovery  of  the  surrogate  standards.  For  unknown  samples,  the  spiking  level 
?rSe?eyrm?;ed  by  performing  the  extraction  steps  In  Section  7  3  o«  *  «yr.tt 
aliquot  of  the  sample  and  calculating  the  amount  of  internal  5tJ"da[d  P®** 
aram  of  sample  as  described  in  Section  7.3.8.  If  the  recovery  for  any  surro¬ 
gate  standard  does  not  fall  within  the  control  limits  for  ®e^°d  P®^J™* Jce * 
the  results  reported  for  that  sample  must  be  qualified  as  being  outside  of 
control  limits.  The  laboratory  must  monitor  the  frequency  of  data  so  qualifie 
toPnsurethat  It  remains  at  or  below  5%.  Three  surrogate  standards,  namely 
decaf luorobiphenyl ,  2-fluoroaniline,  and  pentaf luorophenol ,  are  recommended 
for  general  use  to  monitor  recovery  of  neutral,  basic,  and  acidic  compounds, 

respectively. 

8  5  Before  processing  any  samples,  the  analyst  must  demonstrate  through 
the  analysis  of  aprocess  blank  that  all  glassware  and  reagent  i"t®rf®™"c®s 
:!!  under  control .  Each  time  a  set  of  samples  is  extracted  or  there  Is  a 
change  in  reagents,  a  process  blank  should  be  analyzed  to  determine  the  level 

of  laboratory  contamination. 

8  6  It  is  recownended  that  the  laboratory  adopt  additional  quality 
assurance  practices  for  use  with  this  method.  The  specific  practices  that 

are  most  productive  depend  upon  the  needs  °f  t,ie  1  f ??2n?Sr*2hetDrecls  1  on 
of  the  samples.  Field  replicates  may  be  analyzed  to  monitor  the  precision 

of  the  sample  technique.  Whenever  possible,  the  laboratory  should  perform 
analysis  of  standard  reference  materials  and  participate  in  relevant  perform 

ance  evaluation  studies. 


8270  /  17 


•s  follows: 

.  Relative  Ion  .tendances  of  the  mass  spectrometer  tunlnR  compound 

DFTPP. 

.  Response  factors  of  column  performance  standards  and  retention  time 
standards. 

.  Relative  retention  time  of  column  performance  standards  and  retention 
time  standards. 

.  peat  area  intensity  of  the  internal  stand.*.  .....  M-P-en.nthrene • 


USATHAMA  CERTIFIED  METHOD  X9  FOR  CAL 


USATHAMA  CERTIFIED  METH0D#X9 

Identification  and  Determination  of  Selected  Semivolatile 

Organics  in  Soil  and  Solids 

(CAL  Version  6,  5/4/85) 

(USATHAMA  Version  2,  5/4/85) 


I.  Application:  This  method  is  designed  as  a  semiquantitative 
method  for” selected  semivolatile  organic  compounds  in  soil 
and  solid  samples  based  on  solvent  extraction  and  GC/MS 
determination  (EPA  Methods  3540  and  8270).  The  method  is 
certified  as  semiquantitative  based  on  a  standard  reference 
soil . 

A.  Tested  Concentration  Ranges: 

0.55  to  100  ug/g  (see  I-C,  below) 


Sensitivity: 

Fragment 

Analyte  RRT  ion 

Sensitivity 

Ion 

Peak  Area  Cone. 

(ug/g) 

0XAT 

£7270  “ 

104 

797O00 

fo 

DCPD 

0.424 

132 

1,540 

0.4 

DIM? 

0.468 

123 

4,680 

0.3 

DITH 

0.461 

120 

92,000 

7 

DBCP 

0.480 

157 

1,984 

0.3 

DDVP 

0.632 

109 

5,386 

0.3 

CPMS 

0.644 

158 

45 , 000 

■  4 

CL6CP 

0.697 

237 

830 

0.3 

CPMS0 

0.818 

159 

24,000 

7 

CPMS02 

0.850 

175 

1,550 

0.6 

AT  2 

0.985 

200 

1,100 

0.3 

MLTHN 

1.112 

173 

860 

0.3 

ALDRN 

1.112 

263 

550 

0.3 

PRTHN 

1.123 

291 

390 

0.3 

ISODR 

1.144 

193 

730 

0.3 

Supona 

1.167 

267 

760 

0.3 

PPDDE 

1.222 

246 

1,370 

0.3 

DLDRN 

1.224 

79 

1,500 

0.3 

EN’DRN 

1 .245 

263 

240 

0.3 

PPDDT 

1.303 

235 

2,100 

0.6 

CLDAN 

1.182 

373 

80 

0.6 

2CLPD4 

0.370 

132 

74,285 

10 

13DBD4 

0.390 

150 

111,047 

10 

DEPD4 

0.880 

153 

118,104 

10 

DN0PD4 

1.460 

153 

165,116 

10 

RRT  =  Retention  time  relative  to  dIO-  phenanthrene 
internal  standard  (retention  time  *=  19.11  min.). 
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C.  Certified  Detection  Limits,  Ranges  and  Accuracy: 


Analyte 

Detection 
Limit  (ug 

OXAT 

6 

DCPD 

0.4 

DIMP 

0.3 

DITH 

7 

DBCP 

0.3 

DDVP 

0.3 

CPMS 

4 

CL6CP 

0.3 

CPMSO 

7 

CPMS02 

0.6 

ATZ 

0.3 

MLTHN 

0.3 

ALDRN 

0.3 

PRTKN 

0.3 

ISODR 

0.3 

Supona 

0.3 

PPDDE 

0.3 

DLDRN 

0.3 

ENDRN 

0.3 

PPDDT 

0.6 

CLDAN 

0.6 

2CLPD4 

4 

13DBD4 

1 

DEPD4 

2 

DN0PD4 

1 

Upper 

Concentration 
Range  (ug/g) 

Accuracy 

50 

0.547 

50 

0.836 

100 

0.627 

50 

0.740 

50 

0.837 

100 

1.00 

50 

1.05 

100 

0.882 

100 

1.11 

100 

1.05 

100 

0.828 

100 

1.08 

100 

0.596 

100 

0.521 

100 

0.766 

100 

0.614 

100 

0.666 

100 

0.935 

50 

0.460 

100 

0.645 

100 

0.494 

20 

0.701 

20 

0.950 

20 

0.993 

20 

1.16 

D.  Interferences:  Coeluters  with  similar  ions  could 

interfere .  ** 

E.  Analysis  Rate:  One  sample  extractor  and  one^ GC/MS_ 
operator  can  "'analyze  eight  samples  in  an  eight  hour 

day. 


II. 


Chemistry 


A.  Alternate  Nomenclature  and  Chemical  Abstracts  Registry 
Numbers! 


ALDRN  (Aldrin) 

ENDRN  (Endrin) 

DLDRN  (Dieldrin) 

ISODR  (Isodrin) 

PPDDT  (DDT) 

PPDDE  (DDE) 


309-00-2 

72-20-8 

60-57-1 

465-73-6 

50-29-3 

72-55-9 
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CPMS  (chlorophenyl  methyl  sulfide) 
CPMSO  (chlorophenyl  methyl  sulfoxide) 
CPMS02  (chlorophenyl  methyl  sulfone) 

CL6CP  (hexachlorocyclopentadiene ) 

OX  AT  (Oxathiane) 

DITH  (Dithiane) 

MLTHN  (Malathion) 

PRTHN  (Parathion) 

CLDAN  (Chlordane ) 

(Supona)  » 

DIMP  (diisopropyl  methylphosphonate ) 
ATZ  (Atrazine) 

DDVP  (Vapona) 

DBCP  (1 , 2-dibromo-3-chloropropane ) 
DCPD  (dicyclopentadiene ) 

2CLPD4  (2-chlorophenol-d4 ) 

13DBD4  (1 ,3-dichlorobenzene-d4 ) 

DEPD4  (diethyl  phthalate-d4 ) 

DN0PD4  (di-n-octyl  phthalate-d4 ) 


77-47-4 

15980-15-1 

505-29-3 

121-75-5 

56- 38-2 

57- 74-9 
2701-86-2 

1912-24-9 

62-73-7 

96-12-8 

77-73-6 


B.  Physical  and  Chemical  Properties: 


ALDRN : 
ENDRN : 
DLDRN : 
ISODR: 
PPDDT : 
PPDDE: 
CPMS: 
CPMSO: 
CPMS02 : 
CL6CP: 
OXAT : 
DITH: 
MLTHN : 
PRTHN : 
CLDAN : 
Supona : 
DIM?: 
ATZ: 
DDVP: 
DBCP: 
DCPD: 


Ci  2^8^6 » 

C12H8C16°» 

Ci 2^8^150 » 

Ci2H8cl6» 

Cl 4K9CI 5 ’ 

Ci 4^8^^  4 » 

C7K7CIS, 

C7H7CISO , 

C7H7CISO2, 

C5CI6  mp-10,  bp239 
C4H3SO,  bpl 47 
C4H3S2,  npllO,  bp200 
Cioh19°6?s2» 
Cioh14no5ps* 

mixture 

Ci2H14C13°4p» 

C4H7CI2O4P, 

C3HcBr2Cl, 

Ci0"12» 


C.  Chemical  Reactions:  N/A 
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III .  Apparatus 

A.  Instrumentation:  Finnigan  Model  1020  (or  equivalent) 
gas  chrb'matogr'aph-mass  spectrometer  equipped  with  a 
fused  silica  capillary  column.  The  GC/MS  system  is 
coupled  to  an  INCOS  computer  system  (or  equivalent). 
The  system  is  operated  in  the  El  mode  and  tuned  as 
described  in  EPA  Method  8270. 

Varian  Model  3700  (or  equivalent)  gas 
chromatograph  equipped  with  a  flame-ionization 
detector  is  used  for  the  GC-Screens.  The  GC  is  coupled 
to  a  strip-chart  recorder. 

B.  Parameters : 


1  GC / MS  * 

a.  Column:  30m  by  0.25mm  (id)  DB5  (25um  coating) 
fusecTsTTica  held  isothermal  at  45°C  for  4  min  and 
then  programmed  at  10°C/min  to  280°C. 

b.  Conditions:  Injector  port:  390°C;  transfer  # 

line:  300°C; . carrier  gas  (helium)  at  about  30  cm/ 

sec;  electron  energy:  70  ev. 

2.  GC  Screen:  _  .  . 

a.  Column:  1.5m  by  2mm  (id)  glass  column  packed 
with  1#"1>P1240DA  held  isothermal  at_60°C  for  2  min 
and  temperature  programmed  at  8°C/min  to  180  C. 

Any  packed  column  run  under  appropriate  conditions 
which  provides  the  GC  Screen  data  outlined  in  V-C 
(below)  may  be  substituted. 

b.  Conditions:  Injector  port:  290°C;  detector: 
290°C;  carrier  gas  (nitrogen)  at  about 

25  mL/min. 

3.  Injection  Volume:  2.0  uL 

4.  Retention  Times  (GC/MS):  See  I-B  above. 


C.  Hardware /Glassware : 

1.  Sample  containers,  as  appropriate. 

2.  Soxhlet  extractors  and  associated  equipment. 

3!  K-D  concentrators,  Snyder  columns  and  heated  water 

bath. 

4.  Volumetric  flasks  and  pipettes  as  necessary. 

5.  Test  tubes. 
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D.  Chemicals: 

1.  Dichloromethane :  Burdick  and  Jackson  Pesticide  Quality 
or  equivalent. 

2.  Analytical  reference  standards  of  each  analyte. 
Malathion,  Parathion,  Azodrin,  Supona,  Vapona,  and 
Atrazine  are  from  EPA  (Reference  Standards 
Repository,  RTP-N.C.);  all  others  are  USATHAMA 
SARMS  or  interm  SARMS. 

3.  Decaf luorotr iphenylphosphine  (DFTPP). 

4.  d4-1 , 3-d i chlorobenzene  ,  d4-die thylphthalate , 
d4-di-n-octylphthalate  and  d4-2-chlorophenol  as 
surrogates  from  USATHAMA  as  SARMS. 

5.  dlO-Phenanthrene  as  an  internal  standard  (Cambridge 
Isotope  Labs). 

6.  Phenanthrene  as  GC  Screen  standard  (Aldrich 
Chemical). 

7.  Anhydrous  sodium  sulfate  (dichloromethane  rinsed). 


IV.  Standards 


A.  Stock  Solutions:  Stock  solutions  of  analytes, 
phenanthrene,  dlO-phenanthrene,  and  surrogates 

are  prepared  in  10  mL  volumetric  flasks  at  10.0  mg/mL 
in  dichloromethane  and  stored  at  4°C  in  the  dark.  Since 
dichloromethane  is  volatile,  care  must  be  taken  to 
monitor  potential  loss  of  solvent  during  storage. 

B.  GC/MS  Working  Standards:  The  stock  analyte  and 
surrogate  solutions  are  combined  and  diluted  in 
dichloromethane  to  give  3*75  ug/mL,  7.50  ug/mL,  37-5 
ug/mL  and  150  ug/mL  concentrations  of  analytes  and 
surrogates.  In  addition,  50  uL  of  the  dIO— phenanthrene 
internal  standard  stock  solution  is  added  to  10  mL  of 
each  final  GC/MS  working  standard,  as  follows: 


Code 

S2F-WS-G 

625-VS-E 

625-VS-C 

625-WS-B 


Preparation 

1.50  mL  each  stock 

save  10  mL 

25  mL  of  625-WS-G, 

save  10  mL 

20  mL  of  625-WS-E, 

save  10  mL 

50  mL  of  625-VS-C, 

save  10  mL 


dil.  to  100  mL, 
dii .  to  100  mL, 
dil.  to  100  mL, 
dil.  to  100  mL, 


ug/mL 

cone. 

Analytes 

Surr . 

I.S. 

150  ” 

T55 

50 

37.5 

37.5 

50 

7.50 

7.50 

50 

3.75 

3-75 

50 
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C. 


D. 


E. 


F. 


Sample 

ue/e  sp: 

control 

0.0 

0. 5x 

0.25 

lx 

0.50 

2x 

1.0 

5x 

2.5 

i  0  v 

5-0 

20x 

10 

50x 

2.5 

lOOx 

50 

200x 

100 

_  Cni kp  Standards :  The  stock  surrogate 

Solutions  are  coinbined~iFd  diluted  in  dichloromethane 
togive  150  ug/mL  concentrations  of  each  surrogat  . 

The  solution  is  labelled  625-SUR-G. 

rrt ms  Internal  Standard:  The  stock  solution . of  dIO- 
§henanthrene  tinUr.'^Tstandard)  is  di  uted  in 
dichloromethane  to  give  a^.O  mg/mL  solution. ^ 

analysis,  yielding  the  internal  standard 
at  50  ug/mL  concentration. 

rr  Crrppn  Standard:  The  stock  solution  of  un- 
labfned  phenanthfene  is  diluted  in  dichloromethane  to 
give  a  15  ug/mL  GC  Screen  Standard. 

ror-M-M ration  Standards:  For  the  purpose  of 
rertif ication  on  stanaard  RMA  soil,  a  senes  of 

i  w  “ 

soil  and  processed  as  in  V  (below)  as  follows. 

Soil  Extract 
final  volume 
1.0  mL 
1.0  mL 
1 .0  mL 
1 .0  mL 
1 .0  mL 
1 .0  mL 
1 .0  mL 
10  mL 
10  mL 
50  mL 


mL  of  spike  std.  (cone)  added 

- NONE  — 

SS-B  (5-75  ug/mL) 
(7.5  ug/mL) 


1 .0  mL  625- 
1 .0  mL  625- 
1 .0  mL  625- 
1 .0  mL  625- 
1 .0  mL  625- 
1 .0  mL  625- 
2.5  mL  625- 
5.0  mL  625- 
10  mL  625- 


SS-C 

SS-D 

SS-E 

SS-F 

SS-G 

SS-G 

SS-G 

SS-G 


(15  ug/mL) 
(57.5  ug/mL) 
(75  ug/mL) 
(150  ug/mL) 
(150  ug/mL) 
(150  ug/mL) 
(150  ug/mL) 


“"^/wirhln  nthe1.75iig/rLPtoh150nug^eLSGC/«S 

working  standard  oonoentration^range.^  The^se^of^^ 

wMoh'Sni'ba  uied  for  real  samples.  For  the  purpose 
of  certification,  no  GC-FID  screens  need  be  employed. 
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V.  Procedures : 

A  Quality  Assurance:  Each  soil  sample  is  spiked  with  1.0 
1  ’  'ml  of  solution 'b'^5-SUR-G,  yielding  each  surrogate  at -10 

ug/g  (ppm).  In  addition,  one  standard  soil  "method 
blank"  is  spiked  in  the  same  fashion  for  each  sample 
set  (recoveries  from  this  sample  are  used  for  X-bar 
quality  control  charts). 

B.  Extraction:  Subsamples  (15  g  weighed  +  0.1  g) 
are  placed  in  clean  (Soxhlet  extractedT  paper 
thimbles,  mixed  with  30  g  of  anhydrous  sodium 
sulfate,  spiked  with  the  surrogate  standards,  and 
extracted  for  eight  hours  with  300  mL  of 
dichlorome thane .  The  extracts  are  concentrated  with  a 
K-D  setup  to  a  temporary  final  volume  of  10  mL  for  GC- 
FID  screening.  Any  further  concentrations  are  done 
under  nitrogen. 

C  GC-FID  Screening:  The  GC-FID  attenuation  is  adjusted 
so  that  a  2  uU  injection  of  the  15  ug/mL  phenanthrene 
standard  gives  about  50$  full-scale  deflection.  The 
sample  extracts  from  V-A  above  are  analyzed  by  GC-FID 
using  2  uL  hand  injections  (no  autosampler)  to 
determine  whether  the  extracts  will  require  either 
concentration  or  dilution  such  that  the  largest  GC-FI 
peaks  will  not  exceed  the  highest  (150  ug/mL)  GC/MS 
analyte  standards.  For  example,  if  there  are  no  GC-FID 
peaks  greater  than  the  15  ug/mL  screen  standard,  the 
sample  extract  can  be  concentrated  to  1.0  mL  final 
volume;  this  will  allow  the  detection  limits  to  be  met 
while  not  generating  analyte  peaks  greater  than  the 
highest  GC/MS  standards. 

D.  GC/MS  Calibration:  Response  factors  (RFs)  and  a 

standard  curve  for  each  analyte  and  each  surrogate  are 
developed  via  the  dlO-phenanthrene  internal  standard  by 
2  uL  injections  of  the  four  "GC/MS  Standards"  (IV-B, 
above).  The  response  factors  are  updated  daily, 
the  analysis  of  sample  extracts,  using  the  middle  \37.5 
ug/mL)  standard  mix.  If  the  daily  calibration  RFs 
differ  (using  "$D"  as  defined  below)  from  the  average 
RFs  by  more  than  25$  for  any  of  the  surrogates  then  a 
new  standard  curve  and  new  set  of  average  response 
factors  must  be  made.  If  the  daily  calibration  is 
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within  the  acceptable  "JED"  window,  then 
analysis  of  the  sample  extracts  can  proceed. 

The  percent  difference  (£D)  calculation  is  [(daily 
RF  -  average  RF)/average  RF]  x  100.  Calculation 
and  tabulation  of  daily  RFs,  average  RF's,  and  "*D"  . 
are  easily  done  with  INCOS  or  equivalent  software. 

The  GC/MS  system  is  tuned  to  meet  EPA  criteria  for 
DFTPP  daily,  as  described  in  EPA  Method  8720 
(attached) . 

E.  GC/MS  Analysis:  After  demonstration  of  acceptable 
linearity ,  the  screened  extracts  are  analyzed  by 
GC/MS.  Just  prior  to  analysis,  25  uL  of  the 
dIO-phenanthrene  internal  standard  is  added  to  1.0 
mL  of  the  sample  extract. 

F.  Unknown  GC/MS  Peaks:  Unknown  GC/MS  peaks  will  be 
tentatively  identified  by  computer  assisted  comparison 
to  the  NBS  31,000  entry  mass  spectral  library  (or 
equivalent).  The  mass  spectroscopist  will  use  the  INCOS 
(or  equivalent)  "fit",  "purity"  and  "refit"  criteria  to 
assign  probabilities  of  correct  structural  assignment. 
Hardcopy  mass  spectra  of  all  unknowns  will  be  provided 
with  the  report. 

The  five  largest  unknown  peaks  which  are  present  in 
excess  of  ten  percent  of  the  area  of  the  m/e  188  peak 
for  dIO-phenanthrene  internal  standard  will  be  library 
searched . 


VI .  Calculations : 

A.  ug  analyte/mL  extract= ( area  of  analyte  peak)(50  ug/mL  IS) 

(area  of  I.S.) (analyte  RF) 

Where  I.S.=d-10  phenanthrene  internal  standard 

RF=Response  factor  (area  of  analyte  peak)  (50  ug/mL  I.S.) 

(area  of  "I.S. )  (cone,  of  analyte) 

B.  ug  analyte/g  sample=ppm=ug  analyte/mL  extract 

g  sample/mL  extract 

C.  Final  results  are  corrected  for  percent  recovery  (using 
the  certified  accuracy  data)  and  for  percent  moisture  to 
a  dry  weight  basis. 

VII  References:  Copies  of  EPA  Methods  3540  and  8270  (Test 
Methods  for  Evaluating  Solid  Waste,  US  EPA  SW-846,  2nd 
Edition,  July  1982)  are  attached. 
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METHOD  3540 
S0XH1ET  EXTRACTION 


1.0  Scope  and  Application 

-vt rartino  nonvolatile  and  semivola 
Method  3540  is  a  procedure  siut)9es.  The  Soxhlet 

prbcessUensuresmintimateScontact  describecMr/the 

»»  extract. 

2.0  Summary  of  Method 

2.1  The  solid  sample  is  mixed  ant/ extracted  using 

an  extraction  thimble  or  between  two  p  ug  9  chloride  should  be 

an  appropriate  solvent  in  a  Soxhlet-fxtractor  metny^  ^  ^  dPted  a„d 

M.f.5:  an^eithe/cleaned^up1  further  or  analyzed  directly  by  the 
appropriate  measurement  technique. 


3'0  r^A'procedural  blan'x  should  be  perfonned^or^he^compounds^f^nterest 

prior  to  the  use  of  this  method.  The  lev®  performed  on  actual  samples, 

the  method  detection  limit  before  this  method  is  performed 

3.2  More  extensive  procedures  than  those  outlined  in  this  method  may  be 
necessary  for  reagent  purification. 

3.3  Procedures  for  the  removal  of  interfering  compounds  coext^  ^  wm 

with  target  compounds  are  described  in  the  organic  anaiyc 
be  used  to  analyze  the  extract. 


4.0  Apparatus  and  Materials 

4.1  soxhlet  extractor:  40-.  I.D. .  with SOO-ml  round-bottom  flashy.  . 

4  2  Kuderna-Oanish  apparatus  with  three-ball  Snyder  column. 

, sr.  a  sr.-fessswai. 

extractior/device^  XwT.lI  use 

4  5  Boiling  chips:  Approximately  10/40  mesh.  Heat  to  400’  C  for 
30  min  or  Soxhlet  extract  with  inethylene  chloride. 

controlled  heating  mantle. 


4.6  Rheostat 


2  /  WORKUP  TECHNIQUES  -  Organic 


5.0  Reagents 

5.1  The  specific  reagents  to  be  employed  in  this  method  may  be  listed 
under  the  organic  analytical  methods  that  will  be  used  to  analyze  the  extract 
Check  analytical  method  for  specific  extraction  reagent. _  If. a  specific 
extracting  reagent  Is  not  listed  for  the  compound(s)  of  interest,  methylene 
chloride  shall  be  used. 

•  5.2  -The  solvent  of  choice  should  be  appropriate  for  the  method  of 
measurement  to  be  used  and  should  give  an  analyte-to-sol vent  partition 
coefficient  of  at  least  1  to  1000. 

5.3  Sodium  sulfate:  (ACS)  Granular  anhydrous  (purified  by  heating  at 
400"  C  for  4  hr  in  a  shallow  tray). 

5.4  Soil  samples:  Soil  samples  shall  be  extracted  using  either  of  the 
following  solvent  systems. 

5.4.1  Toluene/Methanol,  10:1  v/v  ACS  reagent  grade  only. 

5.4.2  Acetone/Hexane,  1:1  v/v  ACS  reagent  grade  only. 

5.5  Methylene  chloride:  Pesticide  quality  or  equivalent. 


6.0  Sample  Collection,  Preservation ,  and  Handling 

6.1  Adhere  to  those  procedures  specified  in  the  referring  analytical 
methods  for  collection,  preservation,  and  handling. 


7.0  Procedure 

7.1  Blend  10  g  of  the  solid  sample  with  an  equal  weight  of  anhydrous 
sodium  sulfate  and  place  in  either  a  glass  or  paper  extraction  thimble.  The 
extraction  thimble  must  drain  freely  for  the  duration  of  the  extraction 
period.  The  use  of  a  glass  wool  plug  above  and  below  the  sample  is  also 
acceptable. 

7.2  Place  300  ml  of  the  extraction  solvent  into  a  500-ml  round-bottom 
flask  containing  a  boiling  stone.  Attach  the  flask  to  the  extractor,  and 
extract  the  solids  for  16  hr. 

7.3  Allow  the  extract  to  cool  after  the  extraction  is  complete.  Rinse 
the  condensor wi th  the  extraction  solvent  and  drain  the  Soxhlet  apparatus 
into  the  collecting  round-bottom  flask.  Filter  the  extract  and  dry  it  by 
passing  it  through  a  4-in.  column  of  sodium  sulfate  which  has _^®en was[|ed 
with  the  extracting  solvent.  Collect  the  dried  extract  in  a  500-ml  Kuderna- 
Danish  (K-D)  flask  fitted  with  a  10-ml  graduated  concentrator  tube.  Wash  tne 
extractor  flask  and  sodium  sulfate  column  with  100-125  ml  of  the  extracting 
solvent. 
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chips  to  the  flask  and  attach  a  three-ball 
column  by  adding  about  1  ml  t0  the 

steam  or  hot  water  bath  so  that  the 
ower  rounded  surface  of  the  flask  are 
ust  the  vertical  position  of  the  apparatus 
red  to  complete  the  concentration  in  •• 

distillation,  the  balls  of  the  column  will 

will  not  flood.  When  the  apparent  volume 
Yd  apparatus  and  allow  it  to  drain  for  at 


7.4  Add  1  or  2  clean  boiling 
Snyder  column.  .Prewet  the  Snyder 
top.  Place  the  K-D  apparatus  on  a 
concentrator  tube  and  the  entire  1 
bathed  in  hot  water  or  vapor.  Adj 
and  the  water  temperature  as  requi 
15-20  min.  At  the  proper  rate  of 
actively  chatter  but  the  chambers 
of  liquid  reaches  1  ml,  remove  the 
least  10  min  while  cooling. 

Proceed  with  analysis  and  cleanup  if  necessary. 


8.0  Quality  Control 

'  8.1  Comprehensive  quality  control  procedures  ere  specified  for  eech 

target  compound  in  the  referring  analytical  method. 

:..K,xs 
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METHOD  8270 


GC/MS  METHOD  FOR  SEMIVOLATILE  ORGANICS: 
~  CAPILLARY  COLUMN  I ECHNIQUL 


1.0  r. Scope  and  Application 


*  1  i  Method  8270  is  used  to  determine  the  concentration  of  semi  volatile^ 
organic  .compounds  in  a  variety  of  solid  waste  matrices. 

1  2  This  method  is  applicable  to  nearly  all  types  of  samples,  regard- 
1  ess  of  water  content,  including  aqueous  sludges,  caustic  ll^u0^’ac  , 
^WhVs;'-waste  solvents,  oily  wastes,  mousses,  tars,  fibrous  wastes,  poly¬ 
meric  emulsions,  filter  cakes,  spent  carbons,  spent  catalysts,  soils,  an 

sediments. 

i  n  '  Mpthod  8270  can  be  used  to  quantify  most  neutral,  acidic,  and  basic 

•compounds,  and  phenols,  including  nitrophenols . 

1  4  The  detection  limit  of  Method  8270  for  determining  an  individual 

.sets,};  iWt  <> 

proportionately  higher. 

1.5  Method  8270  is  based  upon  a  solvent  extraction,  gas  chromatographic/ 
mass  spectrometric  (GC/MS)  procedure. 

'  ,  c  Thl-S  method  is  restricted  to  use  by  or  under  the  supervision  of 
the  ability  to  generate  acceptable  results  with  this  method. 


2.0  Summary,  of  Method 

2.1  Prior  to  using  this  method,  the  waste  samples  should  Je  prepared 
for  chromatography  (if  necessary)  using  the  appropriate  samp  e  P  p 
method  -  i.e9,  separatory  funnel  llqu^d-T 

sonication  (Method  3550),  or  soxhlet  extract  (  ..cod  This  method 

are  a  problem  continuous  extraction  techniques  should  be  used.  This  mecno 

describes  chroma  tog rapni c  conditions  which  allow  for  the  separation  of  the 
compounds  in  the  extract. 
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3.0  Interferences 

3  1  Solvents  reagents,  glassware,  and  other  sample  processing  hardware 
mav  yield  discrete’artifacts  and/or  elevated  baselines  causing  mis 
K  chronograms.  A1 1  these .  material s  must  be 

from  Interferences  under  the  conditions  of  the  fnalys  y  50ivents  by 
blanks.-  Specific  selection  of  reagents  and  purification  o 
distillation  in  all-glass  systems  may  be  required. 

:  : 3.2  'Interferences  coexisted  f  ^  i  v*  o'?1  Ihe"  1  ndu«  r  1 1f  complex 

from  source  to  source,  depending  upon  the  diversity  o 

or  waste  being  sampled. 

3.2.1  Glassware  must  be  scrupulously  cleaned.  Clean  all  Sjassware 

.  '^Hs  "acetone"  ri“es!e;ndAiven'’dtryrn9yma?UTsed  Cleaned  glassware 
.  V  should'be  sealed  and  stored  in  a  clean  environment  to  prevent  any 
-  accumulation  of  dust  or  other  contaminants. 


3.2.2 


The  use  of  high  purity  reagents  and  solvents  helps  to 


minimize  interference  problems. 


4.0  Apparatus 

-  4.1  Sampling  equipment:  Glass  screw-cap  v^a1s  or  ■iars  at 
100-ml  capacity.  Screw  caps  must  be  Teflon  lined. 

4.2  Glassware 

4.2.1  Beaker:  400-ml  . 

1.2.2  Centrifuge  tubes:  approximately  200-m ^  “^"‘^“fltted 
with  screw  cap  (Corning  =1251  or  equivalent).  Screw  caps  mu* 

with  Teflon  liners. 

4.2.3  Concentrator  tube.  Kuderna-Danish:  ,25-ml  graduated 
(Kontes  K  570050-2526  or  equivalent).  Cal ibrat ion  must  ^  ^  ^ 
the  volumes  employed  in  the  test.  Ground-giass  PP 

prevent  evaporation  of  extracts. 

424  Evaporative  flask:  Kuderna-Danish  250-ml  (Kontes  K-5700Q1 -0250 
or  equivalent)  Attach  to  concentrator  tube  with  springs. 

4.2.5  Snyder  column.  Kuderna-Danish:  Three-ball  macro  (Kontes 
JC— 503000-01 2 1  or  equivalent). 
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4.2.6  Snyder  column,  Kuderna-Danish:  Two-ball  micro  (Kontes 

K-569001 -02 19  or  equivalent). 

4.3  Filter  assembly 

4-3. 1  Syringe:  10-ml  gas-tight  with  Teflon  luer  lock  (Hamilton 

1010TLL  or  equivalent). 

4.3.2  Filter  holder:  13 -mm  Swinny  (Millipore  XX30-012  or  equiva¬ 
lent) 

4.3.3  Prefilters:  glass  fiber  (Millipore  AP-20-010  or  equivalent). 

V  4.3.4  Membrane  filter:  0.2-pm  Teflon  (Millipore  FGLP-013  or 

equivalent) 

4.4  Micro  syringe :  100-pl  (Hamilton  #84858  or  equivalent). 

4.5  Weighing  pans,  micro:  approximately  1-cm  diameter  aluminum  foil. 
Purchase  or  fabricate  from  aluminum  foil. 

4.6  Boiling  chips:  Approximately  10-40  mesh  carborundum  (A.H.  Thomas 
'#1590-030  or  equivalent).  Heat  to  450*  C  for  5-10  hr  or  extract  with  methy¬ 
lene  chloride. 

4.7  Water  bath:  Heated,  capable  of  temperature  control  (+2*  C).  The 
bath  should  be  used  in  a  hood. 

4.8  Balance:  Analytical,  capable  of  accurately  weighing  0.0001  g. 

4.9  Microbalance:  Capable  of  accurately  weighing  to  0.001  mg  (Mettler 
model  ME-30  or  equivalent). 

4.10  Homogenizer,  high  speed:  Brinkmann  Polytron  model  PT  10ST  with 
Teflon  bearings,  or  equivalent. 

4.11  Centrifuge:  Capable  of  accommodating  200-ml  glass  centrifuge 
tubes. 

4.12  pH  Meter  and  electrodes:  Capable  of  accurately  measuring  pH  to 
.+0.1  pH  unit. 

4.13  Spatula:  Having  a  metal  blade  1-2  cm  in  width. 

'4.14  Hwt  lamp:  250-watt  reflector-type  bulb  (GE  #250R-40/4  or  equiva¬ 
lent)  in  a  heat-resistant  fixture  whose  height  above  the  sample  may  be 
conveniently  adjusted. 


1 
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4.15  Gas  chromatograph/mass  spectrometer  data  system 

4.15.1'  Gas  chromatograph:  An  analytical  system  complete  with  a 
temperature-programmable  gas  chromatograph  suitable  for  splitless 
Injection  and  all  required  accessories  including  syringes,  analytical 
.  ...columns,  and  gases. 

4.15.2  Column:  30-m  x  0.25-mm  bonded-phase  silicone-coated  fused 
v-  silica  capillary  columm  (J&W  Scientific  DB-5  or  equivalent). 

'  4.15.3  Mass  spectrometer:  Capable  of  scanning  from  35  to  450  amu 
every  1  sec  or  less,  utilizing  70  volts  (nominal)  electron  energy  In  the 
electron  impact  ionization  mode  and  producing  a  mass  spectrum  which 
meets  all  the  criteria  in  Table  1  when  50  ng  of  decaf luorotnphenyl- 
phosphine  (DFTPP)  is  injected  through  the  GC  inlet. 


TABLE  1.  DFTPP  KEY  IONS  AND  ION  ABUNDANCE  CRITERIA3 


Mass 

Ion  abundance  criteria 

51 

30-60%  of  mass  198 

68 

Less  than  2%  of  mass  69 

70 

Less  than  2%  of  mass  69 

127 

40-60%  of  mass  198 

197 

Less  than  1%  of  mass  198 

193 

Base  peak,  100%  relative  abundance 

199 

5-9%  of  mass  198 

275 

10-30%  of  mass  198 

365 

.  Greater  than  1%  of  mass  198 

441 

Present  but  less  than  mass  443 

442 

Greater  than  40%  of  mass  198 

443 

17-23%  of  mass  442 

*J.W.  Eiohel berger,  L.E.  Harris,  and  W.l.  Budde .  1975.  Refer®nc® 

compound  to  calibrate  ion  abundance  measurement  in  gas  chromatograpny-mas 
spectrometry.  Analytical  Chemistry  47:995. 
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4.15.4  GC/HS  Interface:  Any  GC-to-MS  interface  that  gives  accept¬ 
able  calibration  points  at  50  ng  per  injection  ^r  each  compound  of 
interest  and  achieves  acceptable  tuning  performance  criteria  l5**  nf 
Sections  7.2. 1-7. 2. 4)  «y  be  used.  GC-to-HS  "“"ed  °f 

all  glass  or  glass-lined  materials  are  recommended.  Gla“ 
deactivated  by  silani zing  with  dichlorodimethylsilane .  The ' 
must  be  capable  of  transporting  at  least  10  ng  of  the  components  of 
:  Interest  from  the  GC  to  the  MS.  The  fused  silica  column  may  also  be 
inserted  directly  into  the  MS  source  housing. 

4  15.5  Data  system:  A  computer  system  must  be  interfaced  to  the 
cnectrometer  The  system  must  allow  the  continuous  acquisition  and 
storage  on  machine-readable  media  of  all  mass  spectra  obtained  through¬ 
out  the  duration  of  the  chromatographic  program.  The  computer  must  ^ 
software  that  can  search  any  GC/MS  data  file  for  ions  of  a  sp 
and  that  can  plot  such  ion  abundances  versus  time  or  scan  number.  Th 
tvnp  of  Dlot  is  defined  as  an  Extracted  Ion  Current  Profile  UICP). 
SoftwarePmust  also  be  available  that  allows  integrating  the  abundance  in 
any  EIC?  between  specified  time  or  scan  number  limits. 


4.15  Gel  permeation  chromatography  system 


4.16.1 

Chromatographic  column:  600-mm  x  25-mm  I.D.  glass 

column 

fitted  for  upward  flow  operation. 

4.16.2 

Bio-beads  S-X8:  80  g  per  column. 

4.16.3 

Pump:  Capable  of  constant  flow  of  0.1  to  5  ml /min 

at  up 

to  100  psi . 

4.16.4 

Injector:  With  5-ml  loop. 

4.16.5 

Ultraviolet  detector:  254  mm. 

4.15.6 

Strip  chart  recorder. 

5.0  Reagents 


5.1  Reagent  water:  Reagent  water  is  defined  as  a  water 
interferent  is  not  observed  at  the  method  detection  limit  o 
interest. 


in  which  an 
each  compound  of 


5.2  Potassium  phosphate,  tribasic  (K3PO4):  Granular  (ACS). 

5.3  Phosphoric  acid  (H3PO4):  85%  aqueous  solution  (ACS). 

5.4  Sodium  sulfate,  anhydrous  (Na£S04):  Powder  (ACS). 
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.  5.5  Methylene  chloride:  Di sti  1  led-i n-gl as s  qua! i ty  (Burdick  and 

Jackson,  or  equivalent). 

5.6  DiQ-Phenanthrene . 

5.7  Decafluorotriphenylphosphine  (DFTPP). 

.  5.8  Retention  time  standards:  03-phenol,  Dg-naphthal ene , 
Pio-phenanthrene ,  Di2-chrysene»  and  Di2-benzo(a)pyrene .  Di2-Par71ene  •  ■ 
may  be  used  .in  place  of  Di2-t>enzo(a  )py  rene .  _ 

.  5.9  Column  performance  standards:  D3-phenol ,  Dg-aniline, 

Ps-nltrobenzene,  and  D3-2,4-dinitrophenol . 

•  .5.10  Surrogate  standards:  Decafluorobiphenyl ,  2-f luoroani line,  and 
pentafluorophenol . 

:.  5.11  GPC  calibration  solution:  Methylene  chloride  containing  100  mg 
corn  oil,  20  mg  di-n-octyl  phthalate,  3  mg  coronene,  and  2  mg  sulfur  per 
100  ml . 


6.0  Sample  Collection,  Preservation ,  and  Handling 

6.1  Grab  samples  must  be  collected  in  glass  containers  having  Teflon- 
lined  screw  caps.  Sampling  equipment  must  be  free  of  oil  and  other  potential 
sources  of  contamination. 

6.2  The  samples  must  be  iced  or  refrigerated  at  4*  C  from  the  time 
of  collection  until  extraction. 

6.3  All  samples  must  be  extracted  within  14  days  of  collection  and 
completely  analyzed  within  40  days  of  extraction. 


7.0  Procedure 


7.1  Calibration 

7.1.1  An  internal  standard  calibration  procedure  is  used.  To  use 
this  approach,  the  analyst  must  use  03-phenol,  Dg-naphthalene , 
DiO'phananthrene ,  0i2-chrysene  and  Di2"^en2°(a)pyrene-  0l2"Psry^ene 
may  be  substituted  for  D}2t>enzo(a )pyrene .  The  analyst  must  further 
demonstrate  that  measurement  of  the  internal  standard  is  not  affected  by 
method  or  matrix  interferences.  Use  the  base  peak  ion  as  the  primary 
ion  for  quantification  of  the  standards.  If  interferences  are  noted, 
use  the  next  most  intense  ion  as  the  secondary  ion.  The  internal 
standard  is  added  to  all  calibration  standards  and  all  sample  extracts 
analyzed  by  GC/MS.  Retention  time  standards,  column  performance  standards, 


and  a  mass  spectrometer  tuning  standard  may  be  included  in  the  internal 
standard  solution  used. 

7. 1.1.1  A  set  of  five  or  more  retention  time  standards  is 
selected  that  will  permit  all  components  of  interest  in  a  chroma¬ 
togram  to  have  retention  times  of  0.85  to  1.20  relative  to  at 
least  one  of  the  retention  time  standards.  The  retention  time 
standards  should  be  similar  in  analytical  behavior  to  the  compounds 
of  interest  and  their  measurement  should  not  be  affected  by  method 
... ,  or  matrix  interferences.  The  following  retention  time  standards  are 
•  recommended  for  general  use:  03-phenol,  Dg-naphthalene, 

D^-chrysene ,  and  Dj 2-benzo(a)py  rene  .  D^-perylene  may  be 
substituted  for  Oi2-benzo(a)pyrene.  Djo-phenanthrene  serves 
as  a  retention  time  standard  as  well  as  an  internal  standard. 

•J  *  * 

•  ••  7. 1.1. 2  Representative,  acidic,  basic,  and  polar  netural 
compounds  are  added  with  the  internal  standard  to  assess  the 
column  performance  of  the  GC/MS  system.  The  measurement  of  the 
•  •...■..column  performance  standards  should  not  be  affected  by  method  or 
'matrix  interferences.  The  following  column  performance  standards 
; ,  ;are  recommended  for  general  use:  Dg-phenol  or  Dg-phenol , 

Dg-aniline,  Ds-nitrobenzene,  and  D3-2,4-dinitrophenol . 

These  compounds  can  also  serve  as  retention  time  standards  if 
appropriate  and  the  retention  time  standards  recommended  in 
Section  7. 1.1.1  can  serve  as  column  performance  standards  if 
appropriate. 

7. 1.1. 3  Decafluorotriphenylphosphine  (DFTPP)  is  added  to 
the  internal  standard  solution  to  permit  the  mass  spectrometer 
tuning  for  each  GC/MS  run  to  be  checked. 

7. 1.1. 4  Prepare  the  internal  standard  solution  by  dissolving, 
in  50.0  ml  of  methylene  chloride,  10.0  mg  of  each  standard  compound 
specified  in  Sections  7. 1.1.1,  7. 1.1.2,  and  7. 1.1. 3.  The  resulting 
solution  will  contain  each  standard  at  a  concentration  of  200  pg/ml . 

7.1.2  Prepare  calibration  standards  at  a  minimum  of  three  concen¬ 
tration  levels  for  each  compound  of  interest.  Each  ml  of  each  calibra¬ 
tion  standard  or  standard  mixture  should  be  mixed  with  250  pi  of  the 
internal  standard  solution.  One  of  the  calibration  standards  should  be 
at  a  concentration  near,  but  above,  the  method  detection  limit,  1  to 

10  pg/ml ,  and  the  other  concentrations-  should  correspond  to  the  expected 
range  of  concentrations  found  in  real  samples  or  should  define  the 
working  range  of  the  GC/MS  system. 

7.1.3  Analyze  1  pi  of  each  calibration  standard  and  tabulate  the 
area  of  the  primary  characteristic  ion  against  concentration  for  each 
compound  including  standard  compound.  Calculate  response  factors  (RF) 
for  each  compound  as  follows: 
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RF  =  (AsCis)/(AisCs) 


where: 

As  =  Response  for  the  parameter  to  be  measured. 

A}s  =  Response  for  the  internal  standards. 

’  C^s  *  Concentration  of  the  internal  standard  in  pg/1. 

Cs  =  Concentration  of  the  compound  to  be  measured  in  pg/1. 

If  the  RF  value  over  the  working  range  is  constant  (less  than  205 
relative  standard  deviation),  the  RF  can  be  assumed  to  be  invariant  and 
the  average  RF  can  be  used  for  calculations.  Alternatively,  the  results 
can  be  used  to  plot  a  calibrati-on  curve  of  response  ratios,  As/Ajs, 
against  RF. 

7.1.4  The  RF  must  be  verified  on  each  working  day  by  the  measure¬ 
ment  of  two  or  more  calibration  standards,  including  one  at  the  beginning 
of  the  day  and  one  at  the  end  of  the  day.  The  response  factors  obtained 
for  the  calibration  standards  analyzed  immediately  before  and  after  a 
set  of  samples  must  be  within  _+20%  of  the  response  factor  used  for 
•  quantification  of  the  sample  concentrations. 


.7.2  Daily  GC/MS  performance  tests 

7.2.1  At  the  beginning  of  each  day  that  analyses  are  to  be 
performed,  the  GC/MS  system  must  be  checked  to  see  that  acceptable 
performance  criteria  are  achieved  for  DFTPP. 

7.2.2  The  DFTPP  performance  test  requires  the  following  instru¬ 
mental  parameters: 

Electron  energy:  70  volts  (nominal) 

Mass  Range:  40  to  450  amu 
Maximum  Scan  Time:  1  sec  per  scan 

7.2.3  Inject  a  solution  containing  50  pg/ml  of  DFTPP  into  the 
GC/MS  system  or  bleed  DFTPP  vapor  directly  into  the  mass  spectrometer 
and  tune  the  instrument  to  achieve  all  the  key  ion  criteria  for  the  mass 
spectrum. of  DFTPP  given  in  Table  1. 

7.2.4  DFTPP  is  included  in  the  internal  standard  solution  added 
to  all  samples  and  calibration  solutions.  If  any  key  ion  abundance 
observed  for  DFTPP  during  the  analysis  of  a  sample  differs  by  more  than 
105  absolute  abundance  from  that  observed  during  the  analysis  of  the 
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calibration  solution,  then  the  analysis  in  questmo  is  considered 
invalid.  The  instrument  must  be  retuned  or  the  sample  and/or  cali¬ 
bration  solutio'n  reanalyzed  until  the  above  condition  is  met. 

7.3 -  Sample  extraction 

>7  3.1  Samples  may  be  extracted  by  Methods  3510,  3540,  or  3550, 
or  by  the  following  procedure.  The  extraction  procedure  involves 
homogenization  of  the  sample  with  methylene  chloride,  neutralization  to 
pH  7  and  the  addition  of  anhydrous  sodium  sulfate  to  remove  the  wate  . 

The  amount  of  acid  or  base  required  for  the  neutralization  ^  determine 
by  titration  of  the  sample.  Aqueous  samples  are  extracted  us  g 
while  orqanic  liquids  may  be  analyzed  neat  or  diluted  with  CH^J5™  • 
analyzed*  Solids  and  semisolids  Ire  extracted  by  Methods  3540  and  3550  or  by 

the  extraction  described  in  Steps  7.3.1  through  7.3.3. 

;  •  « 

• 

’73  1.1  Thoroughly  mix  the  sample  to  enable  a  representative 
sample* to  be  obtained.  Weight  3.0  g  (wet  weight)  of  sample  into  a 
400-ml  beaker.  Add  75  ml  methylene  chloride  and  150  ml  water. 

7. 3. 1.2  Homogenize  the  mixture  for  a  total  of  1  min  using  a 
high-speed  homogenizer.  Use  a  metal  spatula  to  dislodge  a£y 
material  that  adheres  to  the  beaker  or  to  the  homogenizer  befoi re  0 
during  the  homogenization  to  ensure  thorough  dispersion  of  the  sample. 

7. 3. 1.3  Adjust  the  pH  of  the  mixture  to  7.0  +0.2  by  titration 
-  with  0>4  H  H3PO4  or  0.4  M  K3PO4  using  a  pH  meter  to  measure 

the  pH.  Record  the  volume  of  acid  or  base  required. 

7.3.2  The  extraction  with  methylene  chloride  is  performed  using  a 
fresh  portion  of  the  sample.  Weigh  3.0  g  (wet  weight)  of  sample  into  a 
200-ml  centrifuge  tube.  Spike  the  sample  with  surrogate  st, anda  s 
described  in  Section  8.4.  Add  150  ml  of  methylene  chloride  followed  by 
1  0  ml  of  4  M  phosphate  buffer  pH  7.0,  and  an  amount  of  4  M  H3  4 

1 £  K  Pol  equal  to  one  tenth  of  the  pH  7  acid  or  base  volume  requirement 
determined .in  Section  7.3. 1.3.  For  example  if  the  acid  requirement  in 
Section  7. 3. 1.3  was  2.0  ml  of  0.4  M  H3P04,_the  amount  of  4  M  H3PQ4 
needed  would  be  0.2  ml. 

7.3.3  Homogenize  the  mixture  for  a  total  of  30  sec  using  a  high 
speed  homogenizer  at  full  speed.  Cool  the  mixture  in  an  ice  bath 

or  cold  water  bath,  if  necessary,  to  maintain  a  temperature  of  20  30  C. 

Use  a  metal  spatula  to  help  dislodge  any  material  that 
centrifuge  tube  or  homogenizer  during  the  homogenization  t 
thorough  a  d-ispersion  of  the  sample  as  possible.  Some  samp!es,  esp 
cially  those  that  contain  much  water,  may  not  disperse  well  in  P 

bit  will  disperse  after  sodium  sulfate  is  added.  Add  an  ^ount  of 
anhydrous  sodium  sulfate  powder  equal  to  15.0  g  plus  3.0  g  per  ml 
the  4  M  HnPO/i  or  4  M  K3PO4  added  in  Section  7.3.2.  Homogenize 
the  mixture  Jgain  for  a  total  of  30  sec  using  a  high-speed  homoge- 
niter  at  full  speed.  Use  a  metal  spatula  to  dislodge  any  materia  that 
adheres  to  the  centrifuge  tube  or  homogenizer  curing  the  homogenize 
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to  ensure  thorough  dispersion.  (NOTE:  This  step  may  cause  rapid 
deterioration  of  the  Teflon  bearing  in  the  homogen'i  zer.  The  bearing 
must  be  replaced  whenever  the  rotor  shaft  becomes  loose  to  prevent 
damage  to  stainless  steel  parts.)  Allow  the  mixture  to  stand  until  a 
clear  supernatant  is  obtained.  Centrifuge  if  necessary  to  facilitate 
the  phase  separation.  Filter  the  supernatant  required  for  Sections 
7.3.4,  7.3.5,  and  7.3.7  (at  least  2  ml)  through  a  0.2-pm  Teflon  filter. 

•■■'•7.3.4  Estimate  the  total  solvent  extractable  content  (TSEC)  of  the 
.v  ^.sample  by  determining  the  residue  weight  of  an  aliquot  of  the  supernatant 
V.  -  r001  .-Sect Ion  7.3.3.  Transfer  0.1  ml  of  the  supernatant  to  a  tared 
•  ^.aluminum  Weighing  dish,  place  the  weighing  dish  under  a  heat  lamp  at  a 
•distance  of  8  cm  from  the  lamp  for  1  min  to  allow  the  solvent  to 

•  evaporate,  and  weigh  on  a  microbalance.  If  the  residue  weight  of  the 

.  .O.l-ml  aliquot  is  less  than  0.05  mg,  concentrate  25  ml  of  the  supernatant 

to  1.0  ml  and  obtain  a  residue  weight  on  0.1  ml  of  the  concentrate.  For 

the  concentration  step,  use  a  25-ml  evaporator  tube  fitted  with  a  micro 

•  Snyder  column;  add  two  boiling  chips  and  heat  in  a  water  bath  at  60-65*  C. 
Calculate  the  TSEC  as  milligrams  of  residue  per  gram  of  sample  using 

Equation  1  if  concentration  was  not  required  or  Equation  2  if  concentra¬ 
tion  was  required. 

•i 

mg  of  residue  .  residue  weight  (mo)  of  Q.l  ml  of  supernatant 
g  of  sample  0.002  -  (tq-  *) 

mg  of  residue  =  residue  weight  (mg)  of  Q.l  ml  of  cone,  supernatant  ,P 

g  of  sample  0.05 - -  (Eq*  2) 

7.3.5  If  the  TSEC  of  the  sample  (as  determined  in  Section  7.3)  is 
less  than  50  mg/g,  concentrate  an  aliquot  of  the  supernatant  that 
contains  a  total  of  only  10  to  20  mg  of  residual  material.  For  example, 
if  the  TSEC  is  44  mg/g,  use  a  20-ml  aliquot  of  the  supernatant,  which 
win  contain  17.6  mg  of  residual  material,  or  if  the  TSEC  is  16  mg/g, 
use  a  50-ml  aliquot  of  the  supernatant,  which  will  contain  16.0  mg  of 
residual  material .  If  the  TSEC  is  less  than  10  mg/g,  use  100  ml  of  the 
supernatant.  Perform  the  concentration  by  transferring  the  aliquot  of 
tne  supernatant  to  a  K-D  flask  fitted  into  a  25-ml  concentrator  tube. 

Add  two  boiling  chips,  attach  a  three-ball  macro  Snyder  column  to  the 
K-D  flask j  and  concentrate  the  extract  using  a  water  bath  at  60  to  65*  C. 
Place  the  K-D  apparatus  in  the  water  bath  so  that  the  concentrator 
tube  is  about  half  immersed  in  the  water  and  the  entire  rounded  surface 
of  the  flask  is  bathed  with  water  vapor.  Adjust  the  vertical  position 
of  the  apparatus  and  the  water  temperature  as  required  to  complete  the 
concentration  in  15  to  20  min.  At  the  proper  rate  of  distillation,  the 
balls  of  the  column  actively  chatter  but  the  chambers  do  not  flood. 

When  the  liquid  has  reached  an  apparent  volume  of  5  to  6  ml ,  remove  the 
K-D  apparatus  from  the  water  bath  and  allow  the  solvent  to  drain  for  at 
least  5  min  while  cooling.  Remove  the  Snyder  column  and  rinse  the 
flask  and  its  lower  joint  into  the  concentrator  tube  with  the  methylene 
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.chloride  to  bring  the  volume  to  10.0  ml.  Mix  the  contents  of  the 
concentrator  tube  by  inserting  a  stopper  and  inverting  several  times. 

7.3.6  Analyze  the  concentrate  from  Section  7.3.5  or,  if  the  -TSEC 
r’fbf:  the  sample  is  50  mg/g  or  more,  analyze  the  supernatant  from  Section 

•*7.3  using  gas  chromatography.  Use  a  30-m  x  0.25-mm  bonded-phase  silicone- 
r:-coated  fused-silica  capillary  column  under  the  chromatographic  conditions 
^'described  in  Section  7.5.  Estimate  the  concentration  factor  or  dilution 
•V  factor  required  to  give  the  optimum  concentration  for  the  subsequent 
GC/MS  analysis.  In  general,  the  optimum  concentration  will  be  one  in 
which  the  average  peak  height  of  the  five  largest  peaks  or  the  height  of 
an  unresolved  envelope  of  peaks  is  the  same  as  that  of  an  internal 
standard  at  a  concentration  of  50-100  pg/ml . 

7.3.7  If  the  optimum  concentration  determined  in  Section  7.3.6  is 

-  r 20  mg  of  residual  material  per  ml  or  less,  proceed  to  Section  7.3.8.  If 

the  optimum  concentration  is  greater  than  20  mg  of  residual  material  per 

-  ml  and  if  the  TSEC  is  greater  than  50  mg/g,  apply  the  GPC  cleanup 

•  procedure  described  in  Section  7.4.  For  the  GPC  cleanup,  concentrate 

.  90  ml  of  the  supernatant  from  Section  7.3.3  or  a  portion  of  the  super- 
natant  that  contains  a  total  of  600  mg  of  residual  material  (whichever 
is  the  smaller  volume).  Use  the  concentration  procedure  described  in 
..Section  7.3.5  and  concentrate  to  a  final  volume  of  15.0  ml.  Stop  the 
concentration  prior  to  reaching  15.0  rnl  if  any  oily  or  semisolid  mate¬ 
rial  separates  out  and  dilute  as  necessary  (up  to  a  maximum  final  volume 
equal  to  the  volume  of  supernatant  used)  to  redissolve  the  material. 
(Disregard  the  presence  of  small  amounts  of  inorganic  salts  that  may 
settle  out.) 

7.3.8  Concentrate  further  or  dilute  as  necessary  an  aliquot  of  the 
concentrate  from  Section  7.3.5  or  an  aliquot  of  the  supernatant  from 
Section  7.3.3,  or  if  GPC  cleanup  was  necessary,  an  aliquot  of  the 
concentrate  from  Section  7.4.3  to  obtain  1.0  ml  of  a  solution  having 
the  optimum  concentration,  as  described  in  Section  7.3.6,  for  the  GC/MS 
analysis.  If  the  aliquot  needs  to  be  diluted,  dilute  it  to  a  volume  of 
1.0  ml  with  methylene  chloride.  If  the  .aliquot  needs  to  be  concentrated, 
concentrate  it  to  1.0  ml  as  decribed  in  Section  7.3.4.  Do  not  let  the 
volume  in  the  concentrator  tube  go-  below  0.6  ml  at  any  time.  Stop  the 
concentration  prior  to  reaching  1.0  ml  if  any  oily  or  semisolid  material 
separates  out  and  dilute  as  necessary  (up  to  a  maximum  final  volume  of 
10  ml)  to  redissolve  the  material.  (Disregard  the  presence  of  small 
amounts  of  inorganic  salts  that  may  settle  out).  Add  250  pi  of  the 
internal  standard  solution,  containing  50  pg  each  of  the  internal 
Standard,  /etention  time  standards,  column  performance  standards,  and 
DFTPP,  to  1.0  ml  of  the  final  concentrate  and  save  for  GC/MS  analysis  as 
described  in  Section  7.5.  Calculate  the  concentration  in  the  original 
sample  that  is  represented  by  the  internal  standard  using  Equation  3  if 
an  aliquot  of  the  concentrate  from  Section  7.3.5  was  used  in  Section 
7.3.8,  Equation  4  if  an  aliquot  of  the  supernatant  from  Section  7.3.3 


12  /  ORGANIC  ANALYTICAL  METHODS  -  GC/MS 


was  used  in  Section  7.3.8  or  Equation 
trate  from  Section  7.4.3  was  used  in 


5  if  an  aliquot  of  the  GPC  concen- 
Section  7.3.8. 


'  Uq  of  Int.  Std.  .  __50  x  150  x  1L.  x  final  Vol.  (mjl  (Eq.  3) 
-.9  of  sample  3  vs(7.3.5)  vc  (7.3.8) 

:  UQ  Of  Int.  Std.  .  _50  150  Final  Vol.  (ml)  (Eq.  '4) 

g  of  sample  3  vs(7.3.8)  1 


uq  of  Int.  Std.  =  50  x  150  x  A_  x  Final  VoUjmll  (Eq.  5) 
g  of  sample  3  Vs(7.3.?J  VGPC  (7.3.7) 


where: 

t  Yc  =  Volume  of  supernatant  from  Section  7.3.3  used  in 
Sections  7.3.5,  7.3.8,  7.3.7 

Yc(7  38)  *  Volume  of  concentrate  from  Section  7.3.5  used  in 

, *  *•  Section  7.3.8 

Yp  (j  3  7)  =  Final  volume  of  concentrate  in  Section  7.3.7 

VGp-  =  Volume  of  GPC  concentrate  from  Section  7.4.3  used  in 
Section  7.3.8 


Use  this  calculated  value  for  the  quantification  of  individual  compounds 
as  described  in  Section  7.7.2. 


7.4  Cleanup  using  gel  permeation  chromatography 

7.4.1  Prepare  a  600-mm  x  25-mm  I.D.  gel  permeation  chroma tography 
(GPC)  column  by  slurry  packing  using  80  g  of  Bio-Beads  -  *  v 

been  swelled  in  methylene  chloride  for  at  least  4  hr.  ^0 
initial  use,  rinse  the  column  with  methylene  ch  onde  at  1  ml/min  fo 

16  hr  to  remove  any  traces  of  contaminants.  Ca1  with  methylene 

injecting  5  ml  of  the  GPL  calibration  solution  eluting  with  methy 

21££  S.5.^  %£  S  ff-SrpM  U  «  -  UBt 

to  exceed *50  psi.  Recalibrate  the  system  daily. 

7  4  2  Inject  a  5-ml  aliquot  of  the  concentrate  from  Section  7.3.7 
onto  the  GPC  column  and  elute  with  methylene  chloride  at  5  ml ^  . 

50  min  Discard  the  first  fraction  that  elutes  up  to  a  retention  time 
represented  by  the  minimum  between  the  corn  oil  peak  and  the  di-n-octy 
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phtha late  peak  in  the  calibration  run.  Collect  the  next 
eluting  up  to  a  retention  time  represented  by  the  minimum  between  t 
■  coronene  peak  and  the  sulfur  peak  in  the  calibration  run.  Apply  t  e 
V.-.;:SS!e  GPC  separation  to  a  second  5-ml  aliquot  of  the  concentrate  from 
•-  Section  7.3.7  and  combine  the  fractions  collected. 

•  ■  7.4.3  Concentrate  the  combined  GPC  fractions  to  10.0  ml  as 
'  described  in  Section  7.3.5.  Estimate  the  TSEC  of  the  concentrate  as 

■  described  in  Section  7.3.4.  Estimate  the  TSVC  of  the  concentrate  as 
described  in  Section  7.3.6. 


7.5  Gas  chromatography /mass  spectrometry 


■-t.  •  7  5.i  Analyze  the  1-mi  concentrate  from  Section  7.3.8  by  GC/HS 

using  a  30-m  x  0.25-mm  bonded-phase  silicone-coated  fused-silica  capi  ary^ 
column.  The  recommended  GC  operating  conditions  to  be  used  are  as  follows. 

■  Initial  column  temperature  hold:  40*  C  for  4  min 

Column  temperature  program:  40-270*  C  at  10  degrees/min 

"  Final  column  temperature  hold:  27CT  C  (until  Bento(ghi Jperjlene 

has  eluted] 

Injector  temperature:  2S0*  C 
Transfer  line  temperature:  300*  C 
Injector:  Grob-type,  split! es s 
Sample  volume:  1-2  pi 

Carrier  gas:  Hydrogen  (preferred)  at  50  cm/sec  or  helium  at 
30  cm/sec 

7.5.2  If  the  response  for  any  ion  exceeds  the  working  range  of  the 
GC/HS  system,  dilute  the  extract  and  reanalyze. 

753  Perform  all  qualitati/e  and  quantitative  measurements  as 
descMbed3inPSectU  7.6  and  7.7.  When  the  extracts  are  no  be  jg 
for  analyses,  store  them  a.t  4*  C  protected  from  light  in  screw  cap 
equipped  with  unpierced  Teflon-lined  septa. 


7.6  Qualitative  identification 


7.6.1  Obtain  an  EICP  for  the  primary  character!! 
least  two  other  characteristic  ions  for  each  compound  when  pract  cal. 

The  following  criteria  must  be  met  to  make  a  qualitative  identificatio  . 
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7.6. 1.1  The  character!  sti c  ions  for  each  compound  of  interest 
must  maximize  in  the  same  or  within  one  scan  of  each  other. 

7.6. 1.2  The  retention  time  must  fall  within  +15  sec  (based  on 
the  relative  retention  time)  of  the  retention  time  of  the  authentic 

:  -'"compound.  ... 

7.6. 1.3  The  relative  peak  heights  of  the  characteristic  Ions 
.  in  the  E I  CP 1 s  must  fall  within  +20%  of  the  relative  intensities  of 

these  ions  in  a  reference  mass  spectrum. 

..  7.7  Quantitative  determination 

7.7.1  When  a  compound  has  been  identified,  the  quantification  of 
that  compound  will  be  based  on  the  integrated  abundance  from  the  EICP  of 
the  primary  characteri Stic  ion.  In  general,  the  primary  characteristic 
.  ion  selected  should  be  a  relatively  intense  ion  as  interference-free  as 
.  ;  ..possible ,  and  as  close  as  possible  in  mass  to  the  characteristic  ion  of 
'  the  internal  standard  used. 


7.7.2  Use  the  internal  standard  technique  for  performing  the 
quantification.  Calculate  the  concentration  of  each  individual  compound 
of, interest  in  the  sample  using  Equation  6. 


Concentration,  pg/g 


pg  of  Int .  Std. 
g  of  sample 


where : 


(Eq.  6) 


pg  of  Int.  Std. 
g  of  sample 


=  internal  standard  concentration  factor  calculated 
in  Section  7.3.8. 


As  =  Area  of  the  primary  characteristic  ion  of  the 
compound  being  quantified 

A^s  =  Area  of  the  primary  characteristic  ion  of  the 
internal  standard 

RF  =  Response  factor  of  the  compound  being  quantified 
(determined  in  Section  7.1.3). 


7.7.3  Report  results  in  pg/g  without  correction  for  recovery  data. 
When  duplicate  and  spiked  samples  are  analyzed,  report  all  data  obtained 
with  the'sample  results. 


7.7.4  If  the  surrogate  standard  recovery  falls  outside  the  control 
limits  in  Section  8.3,  the  data  for  all  compounds  in  that  sample  must 
be  labeled  as  suspect. 
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8.0  Quality  Control 

8.1  Each  laboratory  that  uses  this  method  is  required  to  operate  a 
formal  quality  control  program.  The  minimum  requirements  of  this  program 
consist  of  an  initial  demonstration  of  laboratory  capability  and  the  analysis 
of  .spiked  samples  as  a  continuing  check  on  performance.  The  laboratory  is 
required  to  maintain  performance  records  to  define  the  quality  of  data  that 
■is  generated.  Ongoing  performance  checks  must  be  compared  with  established 
performance  criteria  to  determine  if  the  results  of  analyses  are  within  the 
accuracy  and  precision  limits  expected  of  the  method. 

8.1.1  Before  performing  any  analyses,  the  analyst  must  demon¬ 
strate  the  ability  to  generate  acceptable  accuracy  and  precision  with 
this  method.  This  ability  is  established  as  described  in  Section  8.2. 

-  8.1.2  The  laboratory  mus*t  spike  all  samples  including  check 
samples  with  surrogate  standards  to  monitor  continuing  laboratory 
performance.  This  procedure  is  described  in  Section  8.4. 


8.2  To  establish  the  ability  to  generate  acceptable  accuracy  and 
precision,  the  analyst  must  perform  the  following  operations  using  a  repre¬ 
sentative  sample  as  a  check  sample. 

8.2.1  Analyze  four  aliquots  of  the  unspiked  check  sample  according 
to  the  method  beginning  in  Section  7.3. 

8.2.2  For  each  compound  to  be  measured,  select  a  spike  concen-^ 
tration  representative  of  twice  the  level  found  in  the  unspixed  chec.< 
sample  or  a  level  equal  to  10  times  the  expected  detection  limit, 
whichever  is  greater.  Prepare  a  spiking  solution  by  dissolving  the 
compounds  in  methylene  chloride  at  the  appropriate  levels. 

8.2.3  Spike  a  minimum  of  four  aliquots  of  the  check^sample  with 
the  spiking  solution  to  achieve  the  selected  spike  concentrations. 

Spik°  the  samples  after  they  have  been  transferred  to  centrifuge  tubes 
for  extraction.  Analyze  the  spiked  aliquots  according  to  the  method 
described  beginning  in  Section  7.3. 

8.2.4  Calculate  the  average  percent  recovery  (R)  and  the  standard 
deviation  of  the  percent  recovery  (s)  for  all  compounds  and  surrogate 
standards.  Background  corrections  must  be  made  before  R  and  s  calcula¬ 
tions  are  performed.  The  average  percent  recovery  must  ba  greater  than 
20  for  all  compounds  to  be  measured  and  greater  than  60  for  all  surro¬ 
gate  compounds.  The  percent  relative  standard  deviation  of  the  percent 
recovery  (s/R  x  100)  must  be  less  than  20  for  all  compounds  to  be 
measured  and  all  surrogate  compounds. 
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8.3  The  analyst  must  calculate  method  performance  criteria  for  each  of 
the  surrogate  standards. 

8.3.1  Calculate  upper  and  lower  control  limits  for  method  perform- 
ance  for  each  surrogate  standard , -using  the  values  for  R  and  s  calculated 
In  Section  8.2.4: 

'  Upper  Control  Limit  (UCL)  =  R  +  3s 

Lower  Control  Limit  (LCL)  =  R  -  3s 

The  UCL  and  LCL  can  be  used  to  construct  control  charts  that  are  useful 
in  observing  trends  in  performance. 

8.3.2  For  each  surrogate  standard,  the  laboratory  must  maintain  a 
record  of  the  R  and  s  values  obtained  for  each  surrogate  standard  in 
each  waste  sample  analyzed.  An  ‘accuracy  statement  should  be  prepared 
from  these  data  and  updated  regularly. 


8.4  The  laboratory  is  required  to  spike  all  samples  with  the  surrogate 
standard  to  monitor  spike  recoveries.  The  spiking  level  used  should  be  that 
which  will  give  a  concentration  in  the  final  extract  used  for  GC/MS  analysis 
that  is  equal  to  the  concentration  of  the  internal  standard  assuming  a  100% 
recovery  of  the  surrogate  standards.  For  unknown  samples,  the  spiking  level 
Is  determined  by  performing  the  extraction  steps  in  Section  7.3  on  a  separate 
aliquot  of  the  sample  and  calculating  the  amount  of  internal  standard  per 
gram  of  sample  as  described  in  Section  7.3.8.  If  the  recovery  for  any  surro¬ 
gate  standard  does  not  fall  within  the  control  limits  for  method  performance, 
■the  results  reported  for  that  sample  must  be  qualified  as  being  outside  of 
control  limits.  The  laboratory  must  monitor  the  frequency  of  data  so  qualified 
to  ensure  that  it  remains  at  or  below  5%.  Three  surrogate  standards,  namely 
decafluorobiphenyl  ,  2-fluoroaniline,  and  pentafluorophenol  ,  are  recommended 
for  general  use  to  monitor  recovery  of  neutral,  basic,  and  acidic  compounds, 
respect i vely . 


8.5  Before  processing  any  samples,  the  analyst  must  demonstrate  through 
the  analysis  of  a  process  blank' that  all  glassware  and  reagent  interferences 
are  under  control.  Each  time  a  set  of  samples  is  extracted  or  there  is  a 

change  in  reagents,  a  process  blank  should  be  analyzed  to  determine  the  level 
of  laboratory  contamination. 


•8.6  It  is  recommended  that  the  laboratory  adopt  additional  quality 
assurance  practices  for  use  with  this  method.  The  specific  practices  that 
are  most  productive  depend  upon  the  needs  of  the  laboratory  and  the  nature 
•of  the  samples.  Field  replicates  may  be  analyzed  to  monitor  the  precision 
of  the  sample  technique.  Whenever  possible,  the  laboratory  should  perform 
analysis  of  standard  reference  materials  and  participate  in  relevant  perform¬ 
ance  evaluation  studies. 


USATHAMA  CERTIFIED  METHCD  X9-A  FOR  HEA 


Procedure  #4102 


USATHAMA  CERTIFIED  METHOD  X9-A: 

SEMIQUANTITATIVE  DETERMINATION  FOR  SELECTED 
SEMIVOLATILES  IN  SOIL  AND  SOLIDS 
(Hittman  Ebasco  Associates,  Inc.) 


APPLICATION:  This  method  covers  the  semlquantitative  determination  of 
selected  semi  volatile  organic  compounds  in  soil  and  solid  samples  using  a 
solvent  extraction  and  GC/MS  analysis.  The  method  described  is  a 
modification  of  EPA  Methods  3540  and  8270. 

A.  Tested  Concentration  Ranges: 

0.25  to  100  ug/g  (See  I-C). 

B.  Sensitivity: 


Sensitivity 


Analyte 

RRT 

Fragment 

ion 

ion 

Peak  Area 

Cone,  (ug/g) 

0XAT 

0.346 

104 

431 

0.9 

DCPD 

0.488 

132 

232 

1.0 

DIMP 

0.521 

123 

932 

0.8 

OMMP 

0.340 

94 

642 

2.0 

DITH 

0.521 

120 

612 

0.3 

DBCP 

0.538 

157 

428 

0.3 

DDVP 

0.667 

109 

1430 

0.6 

CPMS 

0.683 

158 

849 

0.5 

CL6CP 

0.731 

237 

430 

0.3 

CPMSO 

0.837 

159 

605 

0.6 

CPMS02 

0.863 

175 

580 

0.7 

ATZ 

0.977 

200 

485 

3.0 

MLTHN 

1.088 

173 

538 

0.4 

ALDRN 

1.099 

263 

303 

0.6 

PRTHN 

1.102 

291 

203 

0.6 

ISODR 

1.128 

193 

324 

0.5 

Supona 

1.138 

267 

397 

0.3 

0.9 

PPDDE 

1.189 

246 

522 

DLDRN 

1.196 

79 

652 

0.8 

ENDRN 

1.217 

263 

625 

0.6 

PPDDT 

1.261 

235 

563 

0. 3 

CLDAN 

1.159 

373 

530 

2.0 

2CLPD4 

0.450 

132 

399 

1 . 0 

13DBD4 

0.466 

150 

419 

5.0 

DEPD4 

0.889 

153 

973 

0.4 

DN0PD4 

1.428 

153 

1679 

0.8 

RRT  =  Retention  time  relative  to  dlO-  phenanthrene  internal  standard  (retention 
time  *  21.46  min. ). 
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C.  Certified  Detection  Limits,  Ranges  and  Accuracj 


Analyte 


Detection  Limit  (uq/c 


jncentration  Range  (ug/c 


Oxathiane 

0.9 

DC  PD 

1.0 

DIMP 

0.8 

DMMP 

2.0 

Dithiane 

0.3 

DBCP 

0.3 

Vapona 

0.6 

CPMS 

0.5 

HCCPD 

0.3 

CPMSO 

0.6 

CMPS02 

0.7 

Atrazine 

3.0 

Malathion 

0.4 

Aldrin 

0.6 

Parathion 

0.6 

Isodrin 

0.5 

Supona 

0.3 

DDE 

0.9 

Dieldrin 

0.8 

Endrin 

0.6 

DDT 

0.3 

Chlordane 

2.0 

1 ,3-Di chi orobenzene-d4 

5.0 

Diethyphthalate-d4 

0.4 

Dioctyphthalate-d4 

0.8 

Chlorophenol-d4 

1.0 

0.9-100 

1.0-50 

0.8-50 

2.0-50 

0.3-100 

0.3-100 

0.6-100 

0.5-50 

0.3-100 

0.6-100 

0.7-100 

3.0-90 

0.4-50 

0.6-100 

0.6-50 

0.5-100 

0.3-100 

0.9-100 

0.8-100 

0.6-100 

0.3-100 

2.0-30 

5.0-100 

0.4-100 

0.8-100 

1.0-25 


D.  Interferences: 

1.  The  use  of  high  purity  reagents  and  solvents  minimizes 
interference  problems. 

2.  Matrix  interferences  may  be  caused  by  contaminants  that  are 
co-extracted  from  the  sample.  The  extent  of  matrix 
interferences  vary  considerably  form  source  to  source. 

3.  Other  interferences  may  be  a  result  of  contaminants  in 
glassware,  reagents,  solvents  or  other  sample  processing 
hardware.  These  apparatus  and  materials  must  be  routinely  shown 
to  be  free  of  interferences  under  the  conditions  of  the  analysis 
by  running  laboratory  method  blanks. 
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f  Anal vsi s  Rate:  One  sample  extractor  and  one  SC/MS  operator  can 
anal  y  seelghT  samples  In  an  eight  hour  day. 


II. 


CHEMISTRY: 

A.  Alternate  Nomenclature  and  Chemical  Abstracts  Registry  Number: 


Code  Analyte 

OXAT  Oxathiane 

DCPD  Dicyclopentadiene 

DIMP  Di isopropyl  methyl phosphonate 

DMMP  Dimethyl  methyl  phosphonate 

DITH  Dithiane 

DBCP  Dibromo  chloro  propane 

DDVP  Vapona  Dichlorvos 

CPMS  Chlorophenyl  methyl  sulfide 

CL6CP  Hexachlorocyclopentadiene 

CPMSO  Chlorophenyl  methyl  sulfoxide 

CPMS02  Chlorophenyl  methyl  sulfone 

ATZ  Atrazine 

MLTHN  Malathion 

ALDRN  Aldrin 

PRTHN  Parathion 

ISODR  Isodrin 

Supona  Chlorfenvinphos 

PPDDE  DDE 

DLDRN  Dieldrin 

ENDRN  Endrin 

PPDDT  DDT 

CLDAN  Chlordane 

2CLPD4  2-Chlorophenol-d4 

13DBD4  l,3-Dichlorobenzene-d4 

DEPD4  Diethyl  phthalate-d4 

DN0PD4  Di-n-octyl  phthalate-d4 


CAS  No. 

15980-15-1 

77-73-6 


505-29-3 

96-12-8 

62-73-7 

77-47-4 


1912-24-9 

121-75-5 

309-00-2 

56- 38-2 
465-73-6 
2701-86-2 
72-55-9 
60-57-1 
72-20-8 
50-29-3 

57- 74-9 


B.  Physical  and  Chemical  Properties 

Aldrin:  C‘j2K6^16* 

Endrin:  Ci2H8cl6°» 

Dieldrin: 

Isodrin:  C^2H8^16» 

DDT:  C14H9CI5, 

DDE:  C-^HgCI* , 

CPMS:  C7H7CIS, 

CPMSO:  C7H7CISO, 

CPMS02 :  C7H7CISO2, 

HCCPD:  C5H6.  ®P-10f  bp239 
Oxethiane:  C4HgSO,  bp147 
1066A  Dithiane:  CzHgSs,  apllO,  bp200 

14B  Malathion:  CiqH*j906PS2, 

Parathion:  C10H14NO5PS, 

Chlordane:  mixture 
Supona:  ^12^1 4CI3O4P, 

DIMP:  C7H17O5P 
Atrazine:  CgH^Cl^, 

Vapona:  C4H7CI2O4P, 

DBCP:  C3H5Br2Cl, 

DCPD:  Cio"12»  “P"1 
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C.  Chemical  Reactions:  N/A 
HL  APPARATUS: 

A.  Instrumentation: 

Hewlett  Packard  model  5985  (or  equivalent)  gas  chromatograph/mass 
spectrometer  equipped  with  a  fused  silica  capillary  column.  The 
GC/MS  is  coupled  to  a  Hewlett  Packard  1000  computer  (or  equivalent). 
The  system  is  operated  in  the  El  Mode  and  tuned  as  described  in  EPA 
Method  8270. 

Packard  Becker  model  419  (or  equivalent)  gas  chromatograph  with  a 
flame-ionization  detector  coupled  to  a  Hewlett  Packard  3390 
Integrator  is  used  for  GC-screens. 

B.  Parameters: 

1.  GC/MS  Analysis 

Column:  30  m  by  0.25  mm  (id)  DB5  (0.25  urn  coating)  Fused  Silica 
Capillary 

Program:  45°C  for  4  min  then  to  280°C  at  10°C/min. 

Injector  Port:  30 (FC 

Electron  Energy:  70  ev 

Carrier  Gas:  Helium  at  about  30  cm/sec 

Scanning  Range:  35-500 

2.  GC/FID  Screen: 

Column:  1.5  m  by  2  mm  glass 

Packing:  1*  SP1240DA 

Program:  60°  for  2  min  to  180°  at  8°/min 

Injection  Port:  290° 

Detector:  290° 

Carrier  gas:  Nitrogen  at  about  25  mL/min 

3.  Injection  Volume:  2.0  ul 

4.  Retention  Time  (GC/MS):  See  I-B  above. 

C.  Hardware/Glassware: 

1.  Soxhlet  extractor  with  water  cooled  condenser,  500  ml  erlenmeyer 
flask. 
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2.  Kuderna-Danish  apparatus  with  three-ball  Snyder  column  and  three 
ball  micro  Snyder  column. 

3.  Paper  extraction  thimble  and  glass  wool  to  retain  sample  in 
Soxhlet  extraction  device. 

4.  Teflon  boiling  chips  pre-extracted  with  methylene  chloride. 

5.  Hot  plates  -  9"  x  10"  surface 

6.  4L  beakers. 

7.  Micro  syringes:  10,  25,  100  and  250  ml. 

8.  Balance:  Analytical,  capable  of  accurately  weighing  0.0001  g. 

9.  Volumetric  flasks:  1,  2,  5,  10,  25,  50  and  100  milliliters. 


D. 


Chemicals: 


1. 


2. 


Dichloromethane:  Burdick  and  Jackson  Pesticide  Quality  or 
equivalent. 


Analytical  reference  standards  or  each  analyte.  Malathion, 
Parathion,  Azodrin,  Supona,  Vapona,  and  Atrazine  are  from  EPA 
{Reference  Standards  Repository);  all  others  are  USATHAMA  SARMS 
or  interim  SARMS.  EPA  standards  are  used  only  when  SARMS  are 
unavailable. 


3.  Decafluorotriphenylphosphine  (DFTPP). 

4  d4-l, 3, -dichlorobenzene,  d4-diethylphthalate, 

d4-di-n-octylphthalate  and  d4-2-chlorophenol  as  surrogates  from 
USATHAMA  as  SARMS. 


5.  dlO-Phenanthrene  as  an  internal  standard. 

6.  Phenanthrene  as  GC  Screen  standard  (Chemical). 

7.  Anhydrous  sodium  sulfate  (dichloromethane  rinsed). 
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IV.  STANDARDS: 

A.  Stock  Solutions:  Stock  solutions  of  analytes,  phenanthrene, 
dlO-phenanthrene,  and  surrogates  are  prepared  in  10  mL  volumetric 
flasks  at  10.0  mg/mL  in  dichloromethane  and  stored  at  4  C  in  the 
dark.  The  purity  of  each  analyte  must  be  used  to  determine  the 
actual  final  concentraton.  Since  dichloromethane  is  volatile,  care 
must  be  taken  to  monitor  potential  loss  of  solvent  during  storage. 

B.  GC/MS  Working  Standards:  The  stock  analyte  and  surrogate  solutions 
are  combined  and  diluted  in  dichloromethane  to  give  3.75  ug/mL,  7.50 
ug/mL,  37.5  ug/mL  and  150  ug/mL  concentrations  of  analytes  and 
surrogates.  In  addition,  50  uL  of  the  dlO-phenanthrene  internal 
standard  stock  solution  is  added  to  10  mL  of  each  final  GC/MS  working 
standard. 


Preparation 

1.50  mL  each  stock,  dil.  to  100  mL, 
save  10  mL 

25  mL  of  625-WS-G,  dil.  to  100  mL, 
save  10  mL 

20  mL  of  625-WS-E,  dil.  to  100  mL, 
save  10  mL 

50  mL  of  625-WS-C,  dil.  to  100  mL, 
save  10  mL 


ug/mL 

cone. 

Analytes 

Surr. 

I.S. 

150 

150 

50 

37.5 

37.5 

50 

7.50 

7.50 

50 

3.75 

3.75 

50 

C.  Surroaate  Spike  Standards:  The  stock  surrogate  solutions  are 
combined  and  diluted  in  dichloromethane  to  give  150  ug/mL 
concentrations  of  each  surrogate.  An  aliquot  (1.0  mL)  is  added  to 
soil  samples  to  give  a  10  ug/g  spike.  Spikes  remain  on  the  soil  1 
hour  before  extraction. 


D.  GC/MS  Internal  Standard:  The  stock  solution  of  dlO-phenanthrene  _ 
(internal  standard)  is  diluted  in  dichloromethane  to  give  a  2.0  mg/mL 
solution.  A  25  uL  aliquot  is  added  to  1.0  mL  of  final  sample  extract 
just  prior  to  GC/MS  analysis,  yielding  the  internal  standard  at  50 
ug/mL  concentration. 

E.  GC  Screen  Standard:  The  stock  solution  of  unlabelled  phenanthrene  is 
diluted  in  dichlomethane  to  give  a  15  ug/mL  GC  Screen  Standard. 

F.  Certification  Standards: 

1.  The  GC/MS  must  meet  all  daily  calibration  checks. 
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2.  For  the  purpose  of  certification  on  standard  soil,  a  series  of 
analyte/surrogate  spiking  standards  are  prepared.  Dilutions 
containing  all  the  analyte  and  surrogate  compounds  are  prepared 
at  concentrations  of  3.75,  7.50,  37.5  and  150  ng/ul.  Aliquots 
are  added  to  15  grams  of  standard  soil  and  extracted  as  follows: 


SAMPLE  ug/g  Spike 

ml  of  Spike 
ml 

Control 

0.0 

None 

0.5X 

0.25 

1.0 

1.0X 

0.50 

1.0 

2.  OX 

1.00 

2.0 

5. OX 

2.50 

1.0 

10X 

5.00 

2.0 

20X 

10.0 

1.0 

50X 

25.0 

2.5 

100X 

50.0 

5.0 

200X 

100 

10 

Cone,  of  Spike  Final  Vol. 

_ uq/ml _ ml 


None 

1.0  mL 

3.‘*  /5 

1.0  mL 

17.50 

1.0  mL 

7.50 

1.0  mL 

37.5 

1.0  mL 

37.5 

1.0  mL 

150 

1.0  mL 

150 

10  mL 

150 

10  mL 

150 

25  mL 

The  final  volumes  noted  will  keep  the  analytes  and  surrogates  within 
the  GC/MS  working  standard  concentration  range.  For  the  purpose  of 
certification,  no  GC-FID  screens  need  be  employed. 


V.  PROCEDURES: 

A.  Quality  Assurance: 

1.  Each  soil  sample  will  be  spiked  with  surrogates  at  the  same 
level . 

2.  Each  sample  set  will  also  include  a  reagent  blank  to  test  purity 
of  reagents  and  cleanliness  of  glassware. 

3.  Each  sample  set  will  also  include  a  soil  method  blank  spiked 
with  surrogate  solution  at  10  ug/g. 

B.  Extraction: 

1.  Blend  15  g  of  the  solid  sample  with  30  gm  of  anhydrous  sodium 
sulfate  and  place  in  a  paper  extraction  thimble.  The  extraction 
thimble  must  drain  freely  for  the 
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duration  of  the  extraction  period.  The  use  of  a  glass  wool  plug 
above  and  below  the  sample  is  also  acceptable. 

2.  Place  300  ml  of  methylene  chloride  into  a  500  ml  Erlenmeyer 
flask  containing  a  boiling  stone.  The  surrogate  is  spiked  onto 
the  soil  while  it  is  in  the  soxhlet  extractor.  The  spike  is 
equilibrated  one  hour  before  attaching  the  flask  to  the 
extractor.  Extract  the  solids  for  8  hours. 

3.  Allow  the  extract  to  cool  after  the  extraction  is  complete. 

Rinse  the  condensor  with  the  extraction  solvent  and  drain  the 
Soxhlet  apparatus  into  the  collecting  Erlenmeyer  flask.  Collect 
the  extract  in  a  500  ml  Kuderna-Danish  (K-D)  flask  fitted  with  a 
10  ml  graduated  concentrator  tube.  Wash  the  extractor  flask 
with  100-125  ml  of  the  extracting  solvent. 

4.  Add  1  clean  teflon  boiling  chip  to  the  flask  and  attach  a 
three-ball  Snyder  column.  Prewet  the  Snyder  column  by  adding 
about  1  ml  solvent  to  the  top.  Place  the  K-D  apparatus  on  a 
steam  or  hot  water  bath  so  that  the  concentrator  tube  and  the 
entire  lower  rounded  surface  of  the  flask  are  bathed  in  hot 
water  or  vapor.  Adjust  the  vertical  position  of  the  apparatus 
and  the  water  temperature  as  required  to  complete  the 
concentration  in  15-20  min.  At  the  proper  rate  of  distillation, 
the  balls  of  the  column  will  actively  chatter  but  the  chambers 
will  not  flood.  When  the  apparent  volume  of  liquid  reaches 
about  6  ml,  remove  the  K-D  apparatus  and  allow  it  to  drain  for 
at  least  10  min  while  cooling. 

5.  Rinse  the  K-D  apparatus  with  a  small  volume  of  solvent.  Adjust 
the  sample  volume  to  10.0  ml  with  the  solvent  to  be  used  in  the 
GC-FID  Screen. 

6.  If  the  final  volume  is  to  be  reduced  to  1.0  mis  then 
quantitatively  transfer  the  extract,  after  GC  screen,  to  a 
Kuderna  Danish  apparatus  equipped  with  a  graduated  ampule. 

Rinse  the  volumetric  at  least  three  times  with  5  mis  of 
methylene  chloride.  Follow  the  steps  outlined  in  section  V.B.4. 
except  that  after  cooling  remove  the  graduated  ampule,  rinsing 
the  Kuderna  Danish  base  and  add  a  fresh  boiling  chip.  Attach  a 
three-ball  micro  Snyder  column  and  reduce  the  volume  to 
approximately  0.5  mis.  Transfer  to  a  1.0  ml  volumetric  flask 
and  wash  the  ampule  twice  with  0.2  mis  of  methylene  chloride. 
Bring  the  final  volume  to  1.0  ml  and  add  25  ul  of  the  2.0  mg/ml 
standard  of  phenanthrene-dlO.  Transfer  the  extract  to  a  1.0  ml 
crimp  top  vial  and  store  in  the  dark  at  4°C. 


1066A 

14B 


9  of  12 


C.  GC-FID  Screening:  The  sample  extracts  are  analyzed  by  GC-FID  using 
2  uL  hand  injections  (no  autosampler)  to  determine  whether  the 
extracts  will  require  either  concentration  or  dilution  such  that  the 
largest  GC-FID  peaks  will  not  exceed  the  highest  (150  ug/mL)  GC/MS 
analyte  standards.  For  example,  if  there  are  no  GC-FID  peaks  greater 
than  15  ug/mL  screen  standard,  the  sample  extract  can  be  concentrated 
to  1.0  mL  final  volume;  this  will  allow  the  detection  limits  to  be 
met  while  not  generating  analyte  peaks  greater  than  the  highest  GC/MS 
standards.  The  GC-FID  attenuation  is  adjusted  so  that  a  2  uL 
injection  of  the  15  ug/mL  phenanthrene  standard  gives  about  50% 
full-scale  deflection. 

D.  GC/MS  Calibration:  Response  factors  (RFs)  and  a  standard  curve  for 
each  analyte  and  each  surrogate  are  developed  via  the 
dlO-phenanthrene  internal  standard  by  injection  of  the  four  GC/MS 
Standards  (3.75  ng/ul ,  7.5  ng/ul,  37.5  ng/ul  and  150  ng/ul).  The 
response  factors  are  updated  daily,  before  the  analysis  of  sample 
extracts,  using  the  middle  (37.5  ug/mL)  standard  mix.  If  the  daily 
calibration  RFs  differ  (using  "%D"  as  defined  below)  from  the  average 
RFs  by  more  than  25%  for  any  of  the  surrogates  then  a  new  standard 
curve  and  new  set  of  average  response  factors  must  be  made.  If  the 
daily  calibration  is  within  the  acceptable  U%D"  window,  then  analysis 
of  the  sample  extracts  can  proceed. 

The  percent  difference  (%D)  calculation  is  [(daily  RF  -  average 
RF)/average  RF]  x  100.  Calculation  and  tabulation  of  daily  RFs, 
average  RFs,  and  "%D"  are  easily  done  with  Hewlett  Packard  1000  or 
equivalent. 

1.  Daily  GC/MS  DFTPP  Tune 

a.  At  the  beginning  of  each  day  that  analyses  are  to  be 
performed,  the  GC/MS  system  must  be  chekced  to  see  that 
acceptable  performance  criteria  are  achieved  for  DFTPP. 

b.  The  DFTPP  performance  test  requires  the  following 
instrumental  parameters: 

Electron  energy:  70  volts  (nominal) 

Mass  Range:  40  to  450  amu 
Maximum  Scan  Time:  1  sec  per  scan 

c.  Inject  a  solution  containing  50  ug/ml  of  DFTPP  into  the 
GC/MS  system  and  tune  the  instrument  to  achieve  all  the  key 
ion  criteria  for  the  mass  spectrum  of  DFTPP  given  in 
Table  1. 
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E. 


GC/MS:  After  demonstration  of  acceptable  linearity,  the  screened 
extracts  are  analyzed  by  GC/MS.  Just  prior  to  analysis,  25 
dlO-phenanthrene  internal  standard  is  added  to  1.0  mL  of  the  sample 

extract. 

Unknown  GC/MS  Peaks:  Unknown  6C/MS  peaks  will  be  Jj|"ta*jv*J*  t 
identified  by  computer  assisted  comparison  to  the  NBS  31,000  entry 
mas^spectral  "b?ary  (or  oqulvaloat)  Themasa  apectroscop,st  nil 
use  the  Hewlett  Packard  1000  or  equivalent  probability  ,  ... 

"confidence"  and  "class  reliability"  criteria  to  assign  probabilities 
of  correct  structural  assignment.  Hardcopy  mass  spectra  of  a 
IhLTwili  *  provided  with  the  report.  The  largest  five  unknown 
Deaks  which  are  present  in  excess  of  ten  percent  of  t*)®  ar®a  tne 
m/e  188  peak  for  dlO-phenanthrene  internal  standard  will  be  library 

searched. 

Qualitative  Identification  of  Target  Compounds: 

1.  Obtain  the  extracted  ion  current  profile  (EICP)  for  the  primary 
ion  listed  in  Table  2. 

2  The  relative  retention  time  between  the  compound  and  the 
internal  standard  must  be  within  +3%  of  the  relative  retention 
time  obtained  in  the  continuing  calibration. 

3  The  relative  peak  heights  of  the  chracteristic  ions  must  fall 
within  20%  of  the  relative  intensities  of  those  ions  in  a 
reference  mass  spectra. 


VI.  CALCULATIONS: 

A.  ug  analyte/mL  extract  =  (area  of  analyte  peak) (50  ug/mL  IS) 

J  (area  of  I. S.)  (analyte  kc) 

Where  I.S.  =  d-10  phenanthrene  internal  standard 

RF  =  Response  factor  =  (area  of  analyte  peak)(50  ug/rcj- 

(area  of  I.S.)  (cone,  of  analyte) 

B.  ug  analyte/g  sample  =  ppm  =  ug  analyte/mL  extract 

3  g  sample/mL  extract 

C.  Results  are  corrected  for  recovery  and  reported  on  a  dry  weight  basis 

VII  REFERENCES:  Test  Methods  for  Evaluating  Solid  Waste, 

-  Test  Methods  3540  and  8270, 

US  EPA  SW-846,  2nd  Edition,  July  1982. 


1066A 

14B 


11  of  12 


TABLE  1.  DFTPP  KEY  IONS  AND  ION  ABUNDANCE  CRITERIA 


Mass 


Ion  Abundance  Criteria 


30-602  of  mass  198 
Less  than  22  of  mass  69 
Less  than  22  of  mass  69 


127 


40-602  of  mass  198 


197 

198 

199 


Less  than  12  of  mass  198 

Base  peak,  1002  relative  abundance 

5-92  of  mass  198 


275 


10-302  of  mass  198 


365 


Greater  than  12  of  mass  198 


441 

442 

443 


Present  but  less  than  mass  443 
Greater  than  402  of  mass  198 
17-232  of  mass  of  442 
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TABLE  2 


COMPOUND 


ION 


Oxathiane 

DCPD 

DIMP 

DMMP 

Dithiane 

DBCP 

Vapona 

CPMS 

CL6CP 

CPMSO 

CPMSO2 

Atrazine 

Malathion 

Aldrin 

Parathion 

Isodrin 

Supona 

DDE 

Dieldrin 

Endrin 

DDT 

Chlordane 

1 , 3-Di chi  orobenzene-d4 

Diethy1ephthalate-d4 

Di-n-octylphthalate-d4 

Ch1orophenol-d4 

Phenanthrene-dlO 


104 

132 

123 

94 

120 

157 
109 

158 
237 

159 
175 
200 
173 
263 
291 
193 
267 
246 

79 

263 

235 

373 

150 

153 

153 

132 

188 
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METHOD  3540 
SOXHLST  EXTRACTION 


1.0  Scope  and  Application 

Method  3540  1$  a  procedure  for  extracting  "°nv;!atUe  and  semivola. 
tl ip  organic  compounds  from  solids  such  as  soils  and  sludges.  Tbe 
:«xfcric't1on  process  ensures  intimate  contact  of  the  sample  *atn*  ‘J? 
rextraction’:sol vent .  Subsequent  cleanup  and  detection  d«cribed  In  the 
-Organic  analytical  method  that  will  be  used  to  analyze  the  extract. 


2.0  Summary  of  Method 

2  1  The  solid  sample  is  mixed  with .anhydrous  sodium  sulfate,  placed  ]n 
an  extraction  thimble  or  between  two  plugs  of  glass  wool,  and  extracted  us  ng 
an  appropriate  solvent  in  a  Soxhlet-jextractor.  Methylene  chloride  should  be 
employed  when  a  solvent  is  not  specified.  The  extract  ^  'then  dried  and 
concentrated,  and  either  cleaned  up  further  or  analyzed  directly  by  the 
appropriate  measurement  technique. 


3.0  Interferences 

3.1  A  procedural  blank  should  be  performed  for  the  compounds  of  interest 
prior  to  the  use  of  this  utethotf.  The  level  of  interferences  most  be  below 
the  method  detection  limit  before  this  method  is  performed  on  actual  samples. 


3.2  More  extensive  procedures  than  those  outlined  in  this  method  may  be 
necessary  for  reagent  purification. 


wi 

be 


3.3  Procedures  for  the  removal  of  interfering  compounds 
n  taraei  compounds  are  described  in  the  organic  analytical 
used  to  analyze  the  extract. 


coextracted 
method  that  will 


4.0  Apparatus  and  Materials 

4.1  Soxhlet  extractor:  40-mm  I.D.,  with  500-ml  round-bottom  flask 

4.2  Kuderna-Oanish  apparatus  with  three-ball  Snyder  column. 


4.3  Chromatographic  column: 
long,  with  coarse-fri tted  plate  on 


Pyrex,  20 -mm  I.D. ,  approximately  400mm 
bottom  and  an  appropriate  packing  medium. 


4.4  Glass  or  paper  thimble  or  glass  wool  to  retain  sample  in  Soxhlet 
extraction  device.  Should  drain  freely  and  may  require  purification  before  use. 


4.5  Boiling  chips:  Approximately  10/40  mesh.  Heat  to  400_  C  for 
30  min  or  Soxhlet  extract  with  inethylene  chloride. 


4.6  Rheostat  controlled  heating  mantle. 


2  /  WORKUP  TECHNIQUES  -  Organic 


5.0  Reagents 

5.1  The  specific  reagents  to  be  employed  in  this  method  may  be  listed 
under  the  organic  analytical  methods  that  will  be  used  to  analyze  the  extract. 
Check  analytical  method  for  specific  extraction  reagent.  If  a  specific 
extracting  reagent  is  not  listed  for  the  compound(s)  of  interest,  methylene 
chloride  shall  be  used. 

-.5.2  The  solvent  of  choice  should  be  appropriate  for  the  method  of 
measurement  to  be  used  and  should  give  an  ana lyte-to-sol vent  partition 
coefficient  of  at  least  1  to  1000. 

5.3  Sodium  sulfate:  (ACS)  Granular  anhydrous  (purified  by  heating  at 
400*  C  for  4  hr  in  a  shallow  tray). 

5.4  Soil  samples:  Soil  samples  shall  be  extracted  using  either  of  the 
following  solvent  systems. 

5.4.1  Toluene/Methanol ,  10:1  v/v  ACS  reagent  grade  only. 

5.4.2  Acetone/Hexane,  1:1  v/v  ACS  reagent  grade  only. 

5.5  Methylene  chloride:  Pesticide  quality  or  equivalent. 


6.0  Sample  Collection,  Preservation,  and  Handling 

6.1  Adhere  to  those  procedures  specified  in  the  referring  analytical 
methods  for  collection,  preservation,  and  handling. 


7.0  Procedure 


7.1  Blend  10  g  of  the  solid  sample  with  an  equal  weight  of  anhydrous 
sodium  sulfate  and  place  in  either  a  glass  or  paper  extraction  thimble.  The 
extraction  thimble  must  drain  freely  for  the  duration  of  the  extraction 
period.  The  use  of  a  glass  wool  plug  above  and  below  the  sample  is  also 
acceptable. 

7.2  Place  300  ml  of  the  extraction  solvent  into  a  500-ml  round-bottom 
flask  containing  a  boiling  stone.  Attach  the  flask  to  the  extractor,  and 
extract  the  solids  for  16  hr. 

7.3  Allow  the  extract  to  cool  after  the  extraction  is  complete.  Rinse 
the  condensor  wi th  the  extraction  solvent  and  drain  the  Soxhlet  apparatus 
into  the  collecting  round-bottom  flask.  Filter  the  extract  and  dry  it  by 
passing  it  through  a  4-in.  column  of  sodium  sulfate  which  has  been  washed 
with  the  extracting  solvent.  Collect  the  dried  extract  in  a  500-ml  Kuderna- 
Danish  (K-D)  flask  fitted  with  a  10-ml  graduated  concentrator  tube.  Wash  the 
extractor  flask  and  sodium  sulfate  column  with  100-125  ml  of  the  extracting 
solvent. 
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7.4  Add  1  or  2  clean  boiling  chips  to  the  flask  and  attach  a  three-ball 
Snyder  column.  .Prewet  the  Snyder  column  by  adding  about  1  ml  solvent  to  the 
top.  Place  the  K-0  apparatus  on  a  steam  or  hot  water  bath  so  that  the 
concentrator  tube  and  the  entire  lower  rounded  surface  of  the  flask  are 
bathed  in  hot  water  or  vapor.  Adjust  the  vertical  position  of  the  apparatus 
and  the  water  temperature  as  required  to  complete  the  concentration  in  .. 
15-20  min.  At  the  proper  rate  of  distillation,  the  balls  of  the  column  will 
actively  chatter  but  the  chambers  will  not  flood.  When  the  apparent  volume 
of  liquid  reaches  1  ml,  remove  the  K-D  apparatus  and  allow  It  to  drain  for  at 
least  10  min  while  cooling. 

7.5  Rinse  the  K-D  apparatus  with  a  small  volume  of  solvent.  Adjust  the 
sample  volume  to  10.0  ml  with  the  solvent  to  be  used  In  instrumental  analysis. 
Proceed  with  analysis  and  cleanup  if  necessary. 


8.0  Quality  Control 

8.1  Comprehensive  quality  control  procedures  are  specified  for  each 
target  compound  in  the  referring  analytical  method. 

8.2  The  analyst  should  demonstrate  that  the  compounds  of  interest  are 
being  quantitatively  recovered  before  applying  this  method  to  actual  samples. 


METHOD  8270 


6C/MS  METHOD  FOR  SEHIVOLATILE  ORGANICS: 
CAPILLARY  COLUMN  TECHNIQUE" 


l.o  -Scope  and  Application 


'  l.'l  Method  8270  Is  used  to  determine  the  concentration  of  semivolatile 
organic  compounds  in  a  variety  of  solid  waste  matrices. 


-.1  -  .1.2  .This  method  is  applicable  to  nearly  all  types  of  samples,  regard¬ 
less  'of  water  content,  including  aqueous  sludges,  caustic  liquors,  acid 
"iiquorsV waste  solvents,  oily  wastes,  mousses,  tars,  fibrous  wastes,  poly¬ 
meric  emulsions,  filter  cakes,  spent  carbons,  spent  catalysts,  soils,  and 
sediments. 


•  «  * 

1.3  Method  8270  can  be  used  to  quantify  most  neutral ,  acidic,  and  basic 
-organic  compunds  that  are  soluble  in  methylene  chloride  and  capable  of  being 
eluted  without  derivatization  as  sharp  peaks  from  a  gas  chromatographic  fused 
si  1  i ca  .capi  1 1  ary  column  coated  with  a  slightly,  polar  silicone.  Such  compounds 
include  polynuclear  aromatic  hydrocarbons ,  chlorinated  hydrocarbons  and 
pesticides,  phthalate  esters,  organophosphate  esters,  nitrosamines,  haloethers, 
aldehydes,  ethers,  ketones,  anilines,  pyridines,  quinolines,  aromatic  nitro 
compounds,  and  phenols,  including  nitrophenols. 


1.4  The  detection  limit  of  Method  8270  for  determining  an  individual 
compound  is  approximately  1  pg/g  (wet  weight).  For  samples  that  contain  more 
than  1  mg/g  of  total  solvent  extractable  material,  the  detection  limit  is 
proportionately  higher. 

1.5  Method  8270  is  based  upon  a  solvent  extraction,  gas  chromatographic/ 
mass  spectrome:ric  (GC/MS)  procedure. 

1.6  This  method  is  restricted  to  use  by  or  under  the  supervision  of 
analysts  experienced  in  the  use  of  gas  chromatograph/mass  spectrometers  and 
skilled  in  the  interpretation  of  mass  spectra.  Each  analyst  must  demonstrate 
the  ability  to  generate  acceptable  results  with  this  method. 


2.0  Summary  of  Met  hoc 

2.1  Prior  to  usinc  this  method,  the  waste  samples  should  be  prepared 
for  chromatography  (if  necessary)  using  the  appropriate  sample  preparation 
method  -  i.e.,  separatory  funnel  liquid-liquid  extraction  (Method  3510), 
sonication  (Method  3550),  or  soxhlet  extraction  (Method  3540).  If  emulsions 
are  a  problem,  continuous  extraction  techniques  should  be  used.  This  method 
describes  chromatographic  conditions  which  allow  for  the  separation  of  the 
compounds  in  the  extract. 


2  /  ORGANIC  ANALYTICAL  METHODS  -  GC/MS 


3.0  Interferences 

3.1  Solvents,  reagents,  glassware,  and  other  sample  processing  hardware 
nav  yield  discrete  artifacts  and/or  elevated  baselines  causing  misinterpreta¬ 
tion  of  chromatograms.  All  these  materials  must  be  demonstrated  to  be  free 
from  interferences  tinder  the  conditions  of  the  analysis  by  running  method 
blanks.  Specific  selection  of  reagents  and  purification  of  solvents  by 
distillation  in  all-glass  systems  may  be  required. 

•  3  2  '  Interferences  coextracted  from  the  samples  will  vary  considerably 
from  source  to  source,  depending  upon  the  diversity  of  the  Industrial  complex 

or  Waste  being  sampled. 

3.2.1  Glassware  must  be  scrupulously  cleaned.  Clean  all  glassware 
as  soon  as  possible  after  use  by  rinsing  with  the  last  solvent  used  in 
it.  Heating  in  a  muffle  furnace*. at  450*  C  for  5  to  15  hr  is  recom- 

,-mended  whenever  feasible.  Alternatively,  detergent  washes ;  _ware 

:  ..  rinses,  acetone  rinses,  and  oven  drying  may  be  used.  Cleaned  glassware 
should  be  sealed  and  stored  in  a  clean  environment  to  prevent  any 
accumulation  of  dust  or  other  contaminants.  .• 

3.2.2  The  use  of  high  purity  reagents  and  solvents  helps  to 
minimize  interference  problems. 


4.0  Apparatus 

•  4.1  Sampling  equipment:  Glass  screw-cap  vials  or  jars  of  at  least 
100-ml  capacity.  Screw  caps  must  be  Teflon  lined. 

4.2  Glassware 


4.2.1  Beaker:  400-ml . 


4.2.2  Centrifuge  tubes: 
with  screw  cap  (Corning  #1261 
with  Teflon  1 iners. 


approximately  200-m.l  capacity,  glass ^ 
or  equivalent).  Screw  caps  must  be  .iti-ea 


4.2.3  Concentrator  tube,  Kuderna-Oanish:  25-ml ,  graduated 
(Kontes  K  570050-2526  or  equivalent).  Calibration  must  be  cnecxed  L 
the  volumes  employed  in  the  test.  Ground-glass  stopper  is  usea  to 
prevent  evaporation  of  extracts. 


4.2.4  Evaporative 
or  equivalent).  Attach 


flask:  Kuderna-Oanish  250-ml  (Kontes  K-570001 -C250 
to  concentrator  tube  with  springs. 


4.2.5  Snyder  column,  Kuderna-Oanish:  Three-ball  macro  (Kontes 
K-503000-0121  or  equivalent). 


4.2.6  Snyder  column,  Kuderna-Danish:  Two-ball  micro  (Kontes 

K-569001-0219  or  equivalent). 

4.3  filter  assembly 

4.3.1  Syringe:  10-»1  gas-tight  with  Teflon  luer  lock  (Hamilton 

1010TLI  or  equivalent). 

4.3.2  Filter  holder:  13-mm  Swinny  (Millipore  XX30-012  or  equiva¬ 
lent) 

4.3.3  Prefilters:  glass  fiber  (Mil  1 ipore  AP-20-010  or  equivalent) 

4.3.4  Membrane  filter:  0.2-pm  Teflon  (Millipore  FGLP-013  or 

equivalent) 

•  * 

4.4  Micro  syringe:  100-pl  (Hamilton  #84858  or  equivalent). 

4.5  Weighing  pans,  micro:  approximately  1-cm  diameter  aluminum  foil. 
Purchase  or  fabricate  from  aluminum  foil. 

4.6  Boiling  chips:  Approximately  10-40  mesh  carborundum  (A.H.  Thomas 
#1590-030  or  equivalent).  Heat  to  450*  C  for  5-10  hr  or  extract  with  methy¬ 
lene  chloride. 

4.7  Water  bath:  Heated,  capable  of  temperature  control  (+2*  C).  The  . 
bath  should  be  used  in  a  hood. 

•  4.8  Balance:  Analytical,  capable  of  accurately  weighing  0.0001  g. 

4.9  Microbalance:  Capable  of  accurately  weighing  to  0.C01  mg  (Mettler 
model  ME-20  or  equivalent). 

4.10  Homogenizer,  high  speed:  Bri  rkmar.r  Polytron  model  ?7  1057  with 
Teflon  bearings,  or  equivalent. 


4.11  Centrifuge: 
tubes . 


Capable  of  accommodating  200-ml 


glass  centrifuge 


4.12  pH  Meter  and  electrodes:  Capable  of  accurately  measuring  pH  to 
+0.1  pH  uni t. 


4.13  Spatula:  Having  a  metal  blade  1-2  cm  in  width. 

4.14  Heat  lamp:  250-watt  reflector-type  bulb  (GE  #250R-*0/4  or  equiva¬ 
lent)  in  a  heat-resistant  fixture  whose  height  above  the  sample  may  be 
conveniently  adjusted. 


4  /  ORGANIC  ANALYTICAL  METHODS  -  GC/MS 


4.15  Gas  chromatograph/mass  spectrometer  data  system 

4.15.1'  Gas  chromatograph:  An  analytical  system  complete  with  4 
temperature-programmable  gas  chromatograph  suitable  for  splitless 
Injection  and  all  required  accessories  Including  syringes,  analytical 
.  ....columns,  and  gases. 

4.15.2  Column:  30-m  x  0.25-mm  bonded-phase  silicone-coated  fused 
^.  sil lea  capillary  columm  (JAW  Scientific  OB-5  or  equivalent). 

4.15.3  Mass  spectrometer:  Capable  of  scanning  from  35  to  450  amu 
every  1  sec  or  less,  utilizing  70  volts  (nominal)  electron  energy  In  the 
electron  Impact  ionization  mode  and  producing  a  mass  spectrum  which 
meets  all  the  criteria  in  Table  1  when  50  ng  of  decaf luorotriphenyl- 
phosphine  (DFTPP)  is  injected  through  the  GC  inlet. 


-V 


TABLE  1.  DFTPP  KEY  IONS  AND  ION  ABUNDANCE  CRITERIA2 


Mass 

Ion  abundance  criteria 

51 

30-605  of  mass  198 

68 

Less  than  25  of  mass  69 

70 

Less  than  25  of  mass  69 

127 

40-605  of  mass  198 

197 

Less  than  15  of  mass  1SS 

193 

Base  peak,  1005  relative  abundance 

199 

5-95  of  mass  198 

275 

10-305  of  mass  198 

365 

.  Greater  than  15  of  mass  198 

441 

Present  but  less  than  mass  443 

442 

Greater  than  405  of  mass  198 

443 

17-235  of  mass  442 

2J.W.  Eichel berger,  L.E.  Harris,  and  W.L.  Budde.  1975.  Reference 
compound  to  calibrate  ion  abundance  measurement  in  gas  chromatography-mass 
spectrometry .  Analytical  Chemistry  47:995. 
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4.15.4  GC/MS  Interface:  Any  GC-to-MS  interface  that  gives  accept¬ 
able  calibration  points  at  50  ng  per  injection  for  each  compound  of 
Interest  and  achieves  acceptable  tuning  performance  criteria  (see 
Sections  7.2. 1-7. 2. 4)  *ay  be  used.  GC-to-MS  interfaces  constructed  of 
all  glass  or  glass-lined  materials  are  recommended.  Glass  can  be 
.  deactivated  by  silanizing  with  dichl orodimethylsilane.  The  interface 
must  be  capable  of  transporting  at  least  10  ng  of  the  components  of 
interest  from  the  SC  to  the  MS.  The  fused  silica  column  may  also  be 
"  -  Inserted  directly  into  the  MS  source  housing. 

4.15.5  Data  system:  A  computer  system  must  be  interfaced  to  the 
mass  spectrometer.  The  system  must  allow  the  continuous  acquisition  and 
•  storage  on  machine-readable  media  of  all  mass  spectra  obtained  through¬ 
out  the  duration  of  the  chromatographic  program.  The  computer  must  have 
software  that  can  search  any  GC/MS  data  file  for  ions  of  a  specific  mass 
and  that  can  plot  such  ion  abundances  versus  time  or  scan  number.  This 
type  of  plot  is  defined  as  an  Extracted  Ion  Current  Profile  (EICP). 
Software  must  also  be  available  that  allows  integrating  the  abundance  in 
any  EICP  between  specified  time  or  scan  number  limits. 

4.15  Gel  permeation  chromatography  system 

4.16.1  Chromatographic  column:  600-mm  x  25-mm  I.D.  glass  column 
fitted  for  upward  flow  operation. 

4.16.2  Bio-beads  S-X8:  80  g  per  column. 

4.15.3  Pump:  Capable  of  constant  flow  of  0.1  to  5  ml /min  at  up 
to  100  psi . 

4.16.4  Injector:  With  5-ml  loop. 

4.16.5  Ultraviolet  detector:  254  mm. 

4.15.6  Strip  chart  recorder. 


5.0  Reagents 

5.1  Reagent  water:  Reagent  water  is  defined  as  a  water  in  which  an 
interferent  is  not  observed  at  the  method  detection  limit  of  ea.h  com^oun  ■  o 
interest. 

5.2  Potassium  phosphate,  tribasic  < K 3PO4 ) :  Granular  (ACS). 

*  . 

5.3  Phosphoric  acid  (H3PO4):  85*  aqueous  solution  (ACS). 

5.4  Sodium  sulfate,  anhydrous  (Na2S04):  Powder  (ACS). 
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•  5.5  Methylene  chloride:  Distil led-in-g1*ss  quality  (Burdick  and 
Jackson,  or  equivalent). 

5.6  OiQ-Phenanthrene. 

5.7  Decafluorotriphenylphosphine  (DFTPP). 

.  .5.8  Retention  time  standards:  D3-phenol,  Dg-naphthalene, 
PUj-phenanthrene,  0i2_chrysene»  *n<*  Di2_b€nzo(a)pyrene.  Di2"Pery^ene 
■ay  be  used  in  place  of  0i2~&®n2°(a)pyrene * 

.  5.9  Column  performance  standards:  03-phenol,  Dg-aniline, 

D5-n  itrobenzene,  and  D3-2,4-dinitropheno1 . 

'  5.10  Surrogate  standards:  Decaf! uorobi phenyl ,  2-fluoroani line,  and 

pentafluorophenol . 

5.11  GPC  calibration  solution:  Methylene  chloride  containing  100  mg 
corn  oil,  20  mg  di-n-octyl  phthalate,  3  mg  coronene,  and  2  mg  sulfur  per 
100  ml . 


6.0  Sample  Collection,  Preservation,  and  Handling 

6.1  Grab  samples  must  be  collected  in  glass  containers  having  Teflon- 
lined  screw  caps.  Sampling  equipment  must  be  free  of  oil  and  other  potential 
sources  of  contamination. 

6.2  The  samples  must  be  iced  or  refrigerated  at  4*  C  from  the  time 
of  collection  until  extraction. 

6.3  All  samples  must  be  extracted  within  14  days  of  collection  and 
completely  analyzed  within  40  days  of  extraction. 


7.0  Procedure 


7.1  Calibration 

7.1.1  An  internal  standard  calibration  procedure  is  used.  To  use 
this  approach,  the  analyst  must  use  03-phenol,  Dg-naphtha 1  ere , 
OiQ-phenanthrene  ,  Di2-Chr.ysene  ^nd  0].2"benzo(a)pyrene  .  Di2"?sry^ene 
may  be  substituted  for  Di2b®n2° (a )Pyrene •  The  ana^yst  muSt  further 
demonstrate  that  measurement  of  the  internal  standard  is  not  affected  by 
method  or, matrix  interferences.  Use  the  base  peak  ion  as  the  primary 
ion  for  quantification  of  the  standards.  If  interferences  are  noted, 
use  the  next  most  intense  ion  as  the  secondary  ion.  The  internal 
standard  is  added  to  all  calibration  standards  and  all  sample  extracts 
analyzed  by  GC/MS.  Retention  time  standards,  column  performance  standards, 
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*nd  a  mass  spectrometer  tuning  standard  nay  be  included  in  the  internal 
Standard  solution  used. 

7. 1.1.1  A  set  of  five  or  more  retention  time  standards  is 
selected  that  will  permit  all  components  of  interest  in  a  chroma¬ 
togram  to  have  retention  times  of  0.85  to  1.20  relative  to  at 
least  one  of  the  retention  time  standards.  The  retention  time 
standards  should  be  similar  in  analytical  behavior  to  the  compounds 
of  interest  and  their  measurement  should  not  be  affected  by  method 
or  matrix  interferences.  The  following  retention  time  standards  are 
recommended  for  genera]  use:  03-phenol,  Ds-naphthalene, 
D^-chrysene,  and  Djg-henzofaJpy rene .  may  be 

substituted  for  Di2-benzo(a)pyrene.  01O"Pfienanthrene  serves 
as  a  retention  time  standard  as  well  as  an  internal  standard. 

•l  «  *  ' 

•  7. 1.1. 2  Representative,  acidic,  basic,  and  polar  netural 

compounds  are  added  with  the  internal  standard  to  assess  the 
column  performance  of  the  6C/MS  system.  The  measurement  of  the 
'■:!  •  column  performance  standards  should  not  be  affected  by  method  or 

matrix  interferences.  The  following  column  performance  standards 
•  .are  recommended  for  general  use:  D5 -phenol  or  D3~phenol, 

D5-aniline,  D5 -nitrobenzene,  and  03-2,4-dinitrophenol . 

These  compounds  can  also  serve  as  retention  time  standards  if 
appropriate  and  the  retention  time  standards  recommended  in 
Section  7. 1.1.1  can  serve  as  column  performance  standards  if 
appropriate. 

7. 1.1. 3  Decafluorotriphenylphosphine  (DFTPP)  is  added  to 
the  internal  standard  solution  to  permit  the  mass  spectrometer 
tuning  for  each  GC/MS  run  to  be  checked. 

7.1. 1.4  Prepare  the  internal  standard  solution  by  dissolving, 
in  50.0  ml  of  methylene  chloride,  10.0  mg  of  each  standard  compound 
specified  in  Sections  7. 1.1.1,  7. 1.1.2,  and  7. 1.1. 3.  The  resulting 
solution  will  contain  each  standard  at  a  concentration  of  200  pg/ml . 

7.1.2  Prepare  calibration  standards  at  a  minimum  of  three  concen¬ 
tration  levels  for  each  compound  of  interest.  Each  ml  of  each  calibra¬ 
tion  standard  or  standard  mixture  should  be  mixed  with  250  pi  of  the 
internal  standard  solution.  One  of  the  calibration  standards  should  be 
at  a  concentration  near,  but  above,  the  method,  detection  limit,  1  to 

10  pg/ml ,  and  the  other  concentrations  should  correspond  to  the  expected 
range  of  concentrations  found  in  real  samples  or  should  define  the 
working  range  of  the  GC/MS  system. 

7.1.3  Analyze  1  pi  of  each  calibration  standard  and  tabulate  the 
area  of  the  primary  characteristic  ion  against  concentration  for  each 
compound  including  standard  compound.  Calculate  response  factors  (RF) 
for  each  compound  as  follows: 
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V  •  (AsCis)/(AisCs) 

where: 


Aj  *  Response  for  the  parameter  to  be  measured. 

AjS  *  Response  for  the  Internal  standards. 

.fV/  Cfs  •  Concentration  of  the  Internal  standard  in  pg/1. 

Cs  *  Concentration  of  the  compound  to  be  measured  in  pg/1. 

If  the  RF  value  over  the  working  range  is  constant  (less  than  20? 

relative  standard  dgxLalio&)  the  RF  can  be  assumed  to  be  Invariant  and 
"Che  average  RF  can  be  used  for  calculations.  Alternati vely,  the  results 
can  be  used  to  plot  a  calibrati-on  curve  of  response  ratios,  As/A^s, 
against  RF. 

7.1.4  The  RF  must  be  verified  on  each  working  day  by  the  measure¬ 
ment  of  two  or  more  calibration  standards,  including  one  at  the  beginning 
nf  rho  way  anH  nro  thp  end  nf  the  day.  The  response  factors  obtainelL 
for  the  calibration  standards  analyzed  immediately  before  and  after  a 
•Set  of-ystblTs"mjSL  btj  within  gZUT~oT  TTTg  response  Tacfor  useo  fbf 
*  '  guantirication  of  the  sample  concentrations.  — 


7.2  Daily  GC/MS  performance  tests 

7.2.1  At  the  beginning  of  each  day  that  analyses  are  to  be 
performed,  the  GC/MS  system  must  be  checked  to  see  that  acceptable 
performance  criteria  are  achieved  for  DF7PP. 

7.2.2  The  DFTPP  performance  test  requires  the  following  instru¬ 
mental  parameters: 


Electron  energy:  70  volts  (nominal) 

Mass  Range:  40  to  450  amu 
Maximum  Scan  Time:  1  sec  per  scan 

7.2.3  Inject  a  solution  containing  50  pg/ml  of  DFTPP  into  the 
GC/MS  system  or  bleed  DFTPP  vapor  directly  into  the  mass  spectrometer 
and  tune  the  instrument  to  achieve  all  the  key  ion  criteria  for  the  mass 
spectrum. of  DFTPP  given  in  Table  1. 

7.2.4  DFTPP  is  included  in  the  internal  standard  solution  added 
to  all  samples  and  calibration  solutions.  If  any  key  ion  abundance 
observed  for  DFTPP  during  the  analysis  of  a  sample  differs  by  more  than 
101  absolute  abundance  from  that  observed  during  the  analysis  of  the 
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calibration  solution,  then  the  analysis  in  questino  is  considered 
invalid.  The  instrument  must  be  retuned  or  the  sample  and/or  cali¬ 
bration  solution  reanalyzed  until' the  above  condition  is  met. 

7.3  Sample  extraction 

•  <7.3.1  Samples  may  be  extracted  by  Methods  3510,  3540,  or  3550, 
or  bv  the  following  procedure.  The  extraction  procedure  involves 
homogenization  of  the  sample  with  methylene  chloride,  neutralization  to 
oh  7  and  the  addition  of  anhydrous  sodium  sulfate  to  remove  the  water. 

The  imount  c?  acid  or  base  required  for  the  neutralist  on  «  deterninad 
by  titration  of  the  sample.  Aqueous  samples  are  extracted  usihq  Method  3510 
while  organic  liquids  may  be  analyzed  neat  or  diluted  "nh  ^2C12 ,  „,n  nr  hv 
"nllyteS  Solids  and  semisolids  are  extracted  by  Methods  3540  and  3550  or  by 
the  extraction  described  in  Steps  7.3.1  through  7.3.3. 

7. 3. 1.1  Thoroughly  mix  the  sample  to  enable  a  representative 
sample  to  be  obtained.  Weight  3.0  g  (wet  weight)  of  sample  into  a 
400-ml  beaker.  Add  75  ml  methylene  chloride  and  150  ml  wa^er. 

7. 3. 1.2  Homogenize  the  mixture  for  a  total  of  1  min  using  a 
high-speed  homogenizer.  Use  a  metal  spatula  to  dislodge  any 
material  that  adheres  to  the  beaker  or  to  the  homogenizer  before  or 
during  the  homogenization  to  ensure  thorough  dispersion  of  the  sample. 

7313  Adjust  the  pH  of  the  mixture  to  7.0  +  0.2  by  titration 
with  0.4  M  H3PO4  or  0.4  M  K3PO4  using  a  pH  meter  to  measure 
the  pH.  Record  the  volume  of  acid  or  base  required. 

7.3.2  The  extraction  with  methylene  chloride  is  performed  using  a 

fresh  portion  of  the  sample.  Weigh  3.0  g  (wet  weight  of  sample s  into  a 
2C,r-ml  centrifuge  tube.  Spike  the  sample  with  surrogate  s 
«  section  8.4.  'Add  150  ,1  of  methylene  chloride  Mta*  by 
1.0  ml  of  4  M  phosphate  buffer  pK  7.0,  ano  an  amount  c .  J  t 

a  »  KnPOd  eaual  to  one  tenth  of  the  pH  7  acid  or  buse  vo.u.«e  R  ■ 
determined .in  Section  7. 3. 1.3.  For  exemple.  if  the  .did  requirement  in 
Section  7. 3. 1.3  wes  2.0  ml  of  0.4  M  K3P04.  the  amount  of  4  «  h3P04 
needed  would  be  0.2  ml. 

7.3.3  Homogenize  the  mixture  for  a  total  of  30  sec  using  a  high 
soeed  homogenizer  at  full  speed.  Cool  the  mixture  in  an  ice 

or  cold  water  bath,  if  necessary,  to  maintain  a  temperature  o.  20  30^  C. 

Use  a  metal  spatula  to  help  dislodge  any  material  tha.  adhe  es 
centrifuge  tube  or  homogenizer  during  the  homogem °]es "  espe. 
thorough  a  dispersion  of  the  sample  as  possible.  Some  samples  espe 
cially  those  that  contain  much  water,  may  not  disperse  we 
but  will  disperse  after  sodium  sulfate  is  added.  Add  an  amount  of 
anhydrous  sodium  sulfate  powder  equal  to  15.0  g  plus  3.0  g  P 
the  4  h  HiPOfi  or  4  M  K3P04  added  in  Section  7.3.2.  Homogenize 
the  mixture  again  for  a  total  of  30  sec  using  a  high-speed  ho^ge- 
nizer  at  full  speed.  Use  a  metal  spatula  to  dislodge  ary  mc.e  ia  that 
adheres  to  the  centrifuge  tube  or  homogenizer  curing  t  e  o< 
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to  ensure  thorough  dispersion.  (NOTE:  This  step  may  cause  rapid 
deterioration  of  the  Teflon  bearing  in  the  homogehi zer.  The  bearing 
must  be  replaced  whenever  the  rotor  shaft  becomes  loose  to  prevent 
damage  to  stainless  steel  parts.)  Allow  the  mixture  to  stand  until  a 
clear  supernatant  is  obtained.  Centrifuge  if  necessary  to  facilitate 
the  phase  separation.  Filter  the  supernatant  required  for  Sections 
7.3.4,  7.3.5,  and  7.3.7  (at  least  2  ml)  through  a  0.2 -jim  Teflon  filter. 

.-7.3.4  Estimate  the  total  solvent  extractable  content  (TSEC)  of  the 
sample  by  determining  the  residue  weight  of  an  aliquot  of  the  supernatant 
-y; ifrom  Section  7.3.3.  Transfer  0.1  ml  of  the  supernatant  to  a  tared 
^aluminum  weighing  dish,  place  the  weighing  dish  under  a  heat  lamp  at  a 
-distance  of  8  cm  from  the  lamp  for  1  min  to  allow  the  solvent  to 
•  evaporate,  and  weigh  on  a  microbalance.  If  the  residue  weight  of  the 
jO.l-ml  aliquot  is  less  than  0.05  mg,  concentrate  25  ml  of  the  supernatant 
to  1.0  ml  and  obtain  a  residue  weight  on  0.1  ml  of  the  concentrate.  For 
the  concentration  step,  use  a  25-ml  evaporator  tube  fitted  with  a  micro 
■  Snyder  column;  add  two  boiling  chips  and  heat  in  a  water  bath  at  60-65*  C. 
Calculate  the  TSEC  as  milligrams  of  residue  per  gram  of  sample  using 
Equation  1  if  concentration  was  not  required  or  Equation  2  if  concentra¬ 
tion  was  required. 


mo  of  residue  _  residue  weight  (me)  of  0.1  ml  of  supernatant 
g  of  sample  oTOQ2 


(Eq.  1) 


mg  of  residue 
g  of  sample 


residue  weight  (mg)  of  0.1  ml  of  cone,  supernatant 

0.05 


(Eq.  2) 


7.3.5  If  the  TSEC  of  the  sample  (as  determined  in  Section  7.3}  is 
less  than  50  mg/g,  concentrate  an  aliquot  of  the  supernatant  that 
contains  a  total  of  only  10  to  20  mg  of  residual  material.  For  example, 
if  the  TSEC  is  44  mg/g,  use  a  20-ml  aliquot  of  the  supernatant,  which 
will  contain  17.6  mg  of  residual  material,  or  if  the  TSEC  is  16  mg/g, 
use  a  50-ml  aliquot  of  the  supernatant ,  which  will  contain  16.0  mg  of 
residual  material.  If  the  TSEC  is  less  than  10  mg/g,  use  ICO  ml  of  the 
supernatant.  Perform  the  concentration  by  transferring  the  aliquot  of 
the  supernatant  to  a  K-D  flask,  fitted  into  a  2 5  — ~  1  concentrator  tube. 

Add  two  boiling  chips,  attach  a  three-ball  macro  Snyder  column  to  the 
K-D  flask,  and  concentrate  the  extract  using  a  water  bath  at  60  to  65'  C. 
Place  the  K-D  apparatus  in  the  water  bath  so  that  the  concentrator 
tube  is  about  half  immersed  in  the  water  anc  the  entire  rounded  surface 
of  the  flask  is  bathed  with  water  vapor.  Adjust  the  vertical  position 
of  the  apparatus  and  the  water  temperature  as  required  to  complete  the 
concentration  in  15  to  20  min.  At  the  proper  rate  of  distillation,  the 
balls  of  the  column  actively  chatter  but  the  chambers  do  not  flood. 

When  the  liquid  has  reached  an  apparent  volume  of  5  to  6  ml  ,  remove  the 
K-D  apparatus  from  the  water  bath  and  allow  the  solvent  to  drain  for  at 
least  5  min  while  cooling.  Remove  the  Snyder  column  and  rinse  the 
flask  and  us  lower  joint  into  the  concentrator  tube  with  the  methylene 
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.chloride  to  bring  the  volume  to  10.0  ml.  Mix  the  contents  of  the 
concentrator  tube  by  Inserting  a  stopper  and  inverting  several  times. 

7.3.6  Analyze  the  concentrate  from  Section  7.3.5  or,  if  the  TSEC 
; -’of "the’  sample  is  50  «g/g  or  more,  analyze  the  supernatant  from  Section 
S7.3  using  gas  chromatography.  Use  a  30-m  x  0.25-mm  bonded-phase  silicone- 
•  coated  fused-silica  capillary  column  under  the  chromatographic  conditions 
^described  in  Section  7.5.  Estimate  the  concentration  factor  or  dilution 
^ factor  required  to  give  the  optimum  concentration  for  the  subsequent 

GC/MS  analysis.  In  general,  the  optimum  concentration  will  be  one  in 
which  the  average  peak  height  of  the  five  largest  peaks  or  the  height  of 
an  unresolved  envelope  of  peaks  is  the  same  as  that  of  an  internal 
standard  at  a  concentration  of  50-100  pg/ml. 

7.3.7  If  the  optimum  concenprati on  determined  in  Section  7.3.6  is 
--20  mg  of  residual  material  per  ml  or  less,  proceed  to  Section  7.3.8.  If 

the  optimum  concentration  is  greater  than  20  mg  of  residual  material  per 
ml  and  if  the  TSEC  is  greater  than  50  mg/g,  apply  the  GPC  cleanup 
procedure  described  in  Section  7.4.  For  the  GPC  cleanup,  concentrate 
.90  ml  of  the  supernatant  from  Section  7.3.3  or  a  portion  of  the  super¬ 
natant  that  contains  a  total  of  600  mg  of  residual  material  (whichever 
is  the  smaller  volume).  Use  the  concentration  procedure  described  in 
Section  7.3.5  and  concentrate  to  a  final  volume  of  15.0  ml.  Stop  the 
concentration  prior  to  reaching  15.0  ml  if  any  oily  or  semi  sol  id  mate¬ 
rial  separates  out  and  dilute  as  necessary  (up  to  a  maximum  final  volume 
equal  to  the  volume  of  supernatant  used)  to  redissolve  the  material. 
(Disregard  the  presence  of  small  amounts  of  inorganic  salts  that  may 
settle  out.) 

7.3.6  Concentrate  further  or  dilute  as  necessary  an  aliquot  Ot  the 
concentrate  from  Section  7.3.5  or  an  aliquot  of  the  superna.anu  from 
Section  7.3.3,  or  if  GPC  cleanup  was  necessary,  an  aliquot  of  the 
concentrate  from  Section  7.4.3  to  obtain  1.0  ml  of  a  solution  having 
the  optimum  concentration,  as  described  in  Section  7.3.6,  for  the 
analysis.  If  the  aliquot  needs  to  be  diluted,  dilute  it  to  a  vo.ume  c, 

1.0  ml  with  methylene  chloride.  If  the  aliquot  needs  to  be  concentrate  , 
concentrate  it  to  1.0  ml  as  decribed  in  Section  7.3.4.  Do  not  let  tne 
volume  in  the  concentrator  tube  go-  below  0.6  ml  at  any  time.  Stop  tne 
concentration  prior  to  reaching  1.0  ml  if  any  oily  or  semi  sol  id^mate  r  ■  a 
separates  out  and  dilute  as  necessary  (up  to  a  maximum  final  voiume  o 
10  ml)  to  redissolve  the  material.  (Disregard  the  presence  of^sma.  i 
amounts  of  inorganic  salts  that  may  settle  out).  Add  250  pi  o>  t  e 
internal  standard  solution,  containing  50  pg  each  of  the  internal 
standard,  .retention  time  standards,  column  performance  standards,  an 
DFTPP  to  1.0  ml  of  the  final  concentrate  and  save  for  GC/M5  analysis  as 
described  in  Section  7.5.  Calculate  the  concentration  in  the  ongina 
sample  that  is  represented  by  the  internal  standard  using  Equation 
an  aliquot  of  the  concentrate  from  Section  7.3.5  was  used  in  Section 
7.3.8,  Equation  4  if  an  aliquot  of  the  supernatant  from  Section  /.j.j 
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was  used  in  Section  7.3.8  or  Equation  5  if  an  aliquot  of  the  GPC  toncen 
trate  from  Section  7.4.3  was  used  in  Section  7.3.8. 


Iiq  of  Int.  Std. 
Vg  of  sample 


50  x 

““3  X 


150  x  10  ,  Final  Vol .  (ml)  (£q.  3) 

vs(7.3.5)  vc  {7.3.8)  '  1  * 


ug  of  Int.  Std. 
g  of  sample 


150  Final  Vol.  (ml) 

Vs(7.3.8)  1 


(£q.  4) 


uq  of  Int.  Std. 
g  of  sample 


150  x  Fi  nal  Vol .  (ml ) 

Vs ( 7 . 3 . 7.)  VGPC  (7.3.7)  1 


(Eq.  5) 


.  where: 

•.  . ,  Vs  *  Volume  of  supernatant  from  Section  7.3.3  used  in 
Sections  7.3.5,  7.3.8,  7.3.7 

Yc(7.3.8)  *  Volume  of  concentrate  from  Section  7.3.5  used  in 

Section  7.3.8 

VF  (7.3.7)  =  volume  of  concentrate  in  Section  7.3.7 

Vgpc  =  Volume  of  GpC  concentrate  from  Section  7.4.3  used  in 
Section  7.3.8 


Use  this  calculated  value  for  the  quantification  of  individual  compounds 
as  described  in  Section  7.7.2. 


7.4  Cleanup  using  gel  permeation  chromatography 

7.4.1  Prepare  a  600-mm  x  2 5 -mm  I.D.  gel  permeation  chromatography 
(GPC)  column  by  slurry  packing  using  80  g  of  Bio-Beads  S-X3  that  have 
been  swelled  in  methylene  chloride  for  at  least  4  hr.  Prior  to. 
initial  use,  rinse  the  column  with  methylene  chloride  at  1  ml/min  for 
16  hr  to  remove  any  traces  of  contaminants.  Calibrate  the  system  by 
injecting  5  ml  of  the  GPC  calibration  solution,  eluting  with  methylene 
Chloride  at  5  ml/min  for  50  min  and  observing  the  resultant  UV 
detector  trace.  The  column  may  be  used  indefinitely  as  long  as  no 
darkening  or  pressure  increases  occur  and  a  column  efficiency  of  at  least 
500  theoretical  plates  is  achieved.  The  pressure  should  not  be  permitted 
to  exceed *50  psi.  Recalibrate  the  system  daily. 

7.4.2  Inject  a  5-ml  aliquot  of  the  concentrate  from  Section  7.3.7 
onto  the  GPC  column  and  elute  with  methylene  chloride  at  5  ml/min  for 
50  min.  Discard  the  first  fraction  that  elutes  up  to  a  retention  time 
represented  by  the  minimum  between  the  corn  oil  peak  and  the  di-n-ocuyl 


phthalate  peak  in  the  calibration  run.  Collect  the  next  fraction 
eluting  up  to  a  retention  time  represented  by  the  minimum  between  the 
.coronene  peak  and  the  sulfur  peak  in  the  calibration  run.  Apply  the 
«bove  GPC  separation  to  a  second  S-ml  aliquot  of  the  concentrate  from 
Section  7.3.7  and  combine  the  fractions  collected. 

7.4.3  Concentrate  the  combined  GPC  fractions  to  10.0  ml  as 
•.  described  In  Section  7.3.5.  Estimate  the  TSEC  of  the  concentrate  as 
described  in  Section  7.3.4.  Estimate  the  TSVC  of  the  concentrate  as 
described  in  Section  7.3.6. 


■7.5  Gas  chromatography/mass  spectrometry 

-  7.5.1  Analyze  the  1-ml  concentrate  from  Section  7.3.8  by  GC/MS 

using  a  30-ra  x  0.25-mm  bonded-phase ‘si licone-coated  fused-silica  capillary 
column.  The  recommended  GC  operating  conditions  to  be  used  are  as  follows: 

'  Initial  column  temperature  hold:  40*  C  for  4  min 

Column  temperature  program:  40-270  C  at  10  degrees/!.!1. n 

Final  column  temperature  hold:  270*  C  (until  Benzo(ghi Jperylene 

has  eluted} 


Injector  temperature:  290*  C 
Transfer  line  temperature:  300*  C 
Injector:  Grob-type,  splitless 
Sample  volume:  1-2  pi 

Carrier  gas:  Hydrogen  (preferred)  at  50  cm/s ec  cr  heiium  at 
30  cm/sec 

7.5.2  If  the  response  for  any  ion  exceeds  the  working  range  of  the 
GC/MS  system,  dilute  the  extract  arid  reanalyze. 

7.5.3  Perform  all  qualitative  and  quantitative  measurements  as 
described  in  Sections  7.6  and  7.7.  When  the  extracts  are  not  being  use 
for  analyses,  store  them  at  4*  C  protected  from  light  in  screw-cap  vials 
equipped  with  unpierced  Teflon-lined  septa. 


7.6  Qualitative  identification 

7.6  1  Obtain  an  EICP  for  the  primary  cha racteri  st  ic  ion  and  at 
least  two  other  characteristic  ions  for  each  compound  when  practical. 

The  following  criteria  must  be  met  to  make  a  qualitative  identification. 
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7.6. 1.1  The  characteristic  ions  for  each  compound  of  interest 
«ust  maximize  in  the  same  or  within  one  scan  of  each  other. 

7. 6. 1.2  The  retention  time  must  fall  within  +15  sec  (based  on 
t  the  relative  retention  time)  of  the  retention  time  of  the  authentic 
'compound. 

7.6. 1.3  The  relative  peak  heights  of  the  characteristic  ions 
.in  the  EICP's  must  fall  within  +205  of  the  relative  intensities  of 

.  ..'.“  these  ions  in  a  reference  mass  Tpectrum. 

7.7  Quantitative  determination 

7.7.1  When  a  compound  has  been  identified,  the  quantification  of 
that  compound  will  be  based  on  the  integrated  abundance  from  the  EICP  of 
the  primary  characteristic  ion.  In  general,  the  primary  characteristic 
ion  selected  should  be  a  relatively  intense  ion  as  interference-free  as 
.  .'  ..possible,  and  as  close  as  possible  in  mass  to  the  characteristic  ion  of 
the  internal  standard  used. 


7.7.2  Use  the  internal  standard  technique  for  performing  the 
quantification.  Calculate  the  concentration  of  each  individual  compound 
of  .interest  in  the  sample  using  Equation  6. 

Concentration,  pg/g  *  — -S— ■'  x  —  x  —  (Eq.  6) 

g  of  sample  AjS  RF 


where: 


pg  of  Int.  Std. 
g  of  sample 


=  internal  standard  concentration  factor  calculated 
in  Section  7.3.S. 


As  =  Area  of  the  primary  che racteri st ic  ion  of  the 
compound  being  quantified 

Ais  ~  Area  of  the  primary  characteristic  ion  of  the 
internal  standard 

RF  =  Response  factor  of  the  compound  being  quantified 
(determined  in  Section  7.1.3). 

7.7.3  Report  results  in  pg/g  without  correction  for  recovery  data. 
When  duplicate  and  spiked  samples  are  analyzed,  report  all  data  obtained 
with  the 'sample  results. 


7.7.4  If  the  surrogate  standard  recovery  falls  outside  the  control 
limits  in  Section  8.3,  the  data  for  all  compounds  in  that  sample  must 
be  labeled  as  suspect. 
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8.0  Quality  Control 

8.1  Each  laboratory  that  uses  this  method  Is  required  to  operate  a 
formal  quality  control  program.  The  minimum  requirements  of  this  program 
consist  of  an  initial  demonstration  of  laboratory  capability  and  the  analysis 
of  spiked  samples  as  a  continuing  check  on  performance.  The  laboratory  Is  - 
required  to  maintain  performance  records  to  define  the  quality  of  data  that 
is  generated.  Ongoing  performance  checks  must  be  compared  with  established 
performance  criteria  to  determine  if  the  results  of  analyses  are  within  the 
accuracy  and  precision  limits  expected  of  the  method. 

8.1.1  Before  performing  any  analyses,  the  analyst  must  demon¬ 
strate  the  ability  to  generate  acceptable  accuracy  and  precision  with 
this  method.  This  ability  is  established  as  described  in  Section  8.2. 

-  8.1.2  The  laboratory  must  spike  all  samples  including  check 
samples  with  surrogate  standards  to  monitor  continuing  laboratory 
performance.  This  procedure  is  described  in  Section  8.4. 


8.2  To  establish  the  ability  to  generate  acceptable  accuracy  and 
precision,  the  analyst  must  perform  the  following  operations  using  a  repre¬ 
sentative  sample  as  a  check  sample. 

.  .  8.2.1  Analyze  four  aliquots  of  the  unspiked  check  sample  according 

to  the  method  beginning  in  Section  7.3. 

8.2.2  For  each  compound  to  be  measured,  select  a  spike  concen¬ 
tration  representative  of  twice  the  level  found  in  the  unspiked  check 
sample  or  a  level  equal  to  10  times  the  expected  detection  limit, 
whichever  is  greater.  Prepare  a  spiking  solution  by  dissolving  the 
compounds  in  methylene  chloride  at  the  appropriate  levels. 

8.2.3  Spike  a  minimum  of  four  aliquots  of  the  check  sampie  with 
the  spiking  solution  to  achieve  the  selected  spike  concentrations. 

Spike -the  samples  after  they  have  been  transferred  to  centrifuge  tubes 
for  extraction.  Analyze  the  spiked  aliquots  according  to  the  method 
described  beginning  in  Section  7.3. 

8.2.4  Calculate  the  average  percent  recovery  (R)  and  the  standard 
deviation  of  the  percent  recovery  (s)  for  all  compounds  and  surrogate 
standards.  Background  corrections  must  be  made  before  R  and  s  calcula¬ 
tions  are  performed.  The  average  percent  recovery  must  be  greater  than 
20  for  all  compounds  to  be  measured  and  greater  than  60  for  all  surro¬ 
gate  compounds.  The  percent  relative  standard  deviation  of  the  percent 
recovery  (s/R  x  100)  must  be  less  than  20  for  all  compounds  ^to  be 
measured  and  all  surrogate  compounds. 
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8.3  The  analyst  must  calculate  method  performance  criteria  for  each  of 
the  surrogate  standards. 

.  8.3.1  Calculate  upper  and  lower  control  limits  for  method  perform- 
,  »nce  for  each  surrogate  standard ,  using  the  values  for  R  and  s  calculated 
in  Section  8.2.4: 

l^jper  Control  Limit  (UCL)  ■  R  ♦  3s  -  • 

Lower  Control  Limit  (LCL)  *  R  -  3s 

The  UCL  and  LCL  can  be  used  to  construct  control  charts  that  are  useful 
in  observing  trends  in  performance. 

8.3.2  For  each  surrogate  standard,  the  laboratory  must  maintain  a 
record  of  the  R  and  s  values  obtained  for  each  surrogate  standard  in 
each  waste  sample  analyzed.  An  "accuracy  statement  should  be  prepared 
from  these  data  and  updated  regularly. 


8.4  The  laboratory  is  required  to  spike  all  samples  with  the  surrogate 
standard  to  monitor  spike  recoveries.  The  spiking  level  used  should  be  that 
which  will  give  a  concentration  in  the  final  extract  used  for  GC/MS  analysis 
that  is  equal  to  the  concentration  of  the  internal  standard  assuming  a  100% 
recovery  of  the  surrogate  standards.  For  unknown  samples,  the  spiking  level 
is  determined  by  performing  the  extraction  steps  in  Section  7.3  on  a  separate 
aliquot  of  the  sample  and  calculating  the  amount  of  internal  standard  per 
gram  of  sample  as  described  in  Section  7.3.8.  If  the  recovery  for  any  surro¬ 
gate  standard  does  not  fall  within  the  control  limits  for  method  performance, 
the  results  reported  for  that  sample  must  be  qualified  as  being  outside  of 
control  limits.  The  laboratory  must  monitor  the  frequency  of  data  so  qualified 
to  ensure  that  it  remains  at  or  below  5%.  Three  surrogate  standards,  namely 
decaf  1  uorobi phenyl  ,  2-fl  uoroani  1  i  ne  ,  and  per.taf  1  uorcphenci  ,  a_e  recommended 
for  general  use  to  monitor  recovery  of  neutral,  basic,  anc  acidic  compounds, 
respectively. 


8.5  Before  processing  any  samples,  the  analyst  must  demonstrate  through 
the  analysis  of  a  process  blank' that  all  glassware  and  reagent  interferences 
are  under  control.  Each  time  a  set  of  samples  is  extracted  or  there  is  a 
change  in  reagents,  a  process  blank  should  be  analyzed  to  determine  the  level 
of  laboratory  contamination. 


8.6  It  is  recommended  that  the  laboratory  adopt  additional  quality' 
assurance  practices  for  use  with  this  method.  The  specific  practices  that 
are  most  productive  depend  upon  the  needs  of  the  laboratory  and  the  nature 
of  the  samples.  Field  replicates  may  be  analyzed  to  monitor  the  precision 
of  the  sample  technique.  Whenever  possible,  the  laboratory  should  perform 
analysis  of  standard  reference  materials  and  participate  in  relevant  perform¬ 
ance  evaluation  studies. 
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as  follows: 

,  ■  Relative  ion  abundances  of  the  mass  spectrometer  tuning  compound  ^ 
DFTPP. 

■  •  .  Response  factors  of  column  performance  standards  and  retention  time 

‘  standards. 

•  Relative  retention  time  of  column  performance  standards  and  retention 
time  standards. 

,  Peak  area  intensity  of  the  internal  standard,  e.g..  D10-phenanthrene . 


SECTION  E 


DIBROMOCHLOROPROPANE  IN  SOILS  BY  GAS  CHROMATOGRAPH/ELECTRON 
CAPTURE  (GC/EC):  USATHAMA  CERTIFIED  METHOD  S9  FOR  UBTL; 
AND  USATHAMA  CERTIFIED  METHOD  Z9  FOR  CAL 

DEVELOPED  BY 
MRI,  JANUARY  1985 


USATHAMA  CERTIFIED  METHOD  S9  FOR  UBTL 


USATHAMA  CERTIFIED  METHOD  #Z9 
Determination  of  DBCP  in  Soils  and  Solids  by 
Electron  Capture  Gas  Chromatography 

(CAL  Version  4,  5/21/65) 

(USATHAMA  Version  1,  5/21/85) 


I.  Application :  This  method  is  for  the  quantitative 
analysis  of  soil  and  solid  samples  for  1 ,2-dibromo-3- 
chloropropane . 

A.  Tested  Concentration  Range: 

0.005  to  0.10  ug/g. 

B.  Sensitivity;  The  detection  limit  sample  (0.014  ug/g) 
gave  a  8000  height  count  response.  The  0.0025  ug/mL 
GC  working  standard  gave  a  2400  height  count 
response . 

C.  Certified  Detection  Limit;  0.014  ug/g  Accuracy;  1.020 

D.  Interferences;  Electron  capture  responding  compounds 
with  similar  retention  times. 

E.  Analysis  Rate;  Eight  samples  can  be  extracted  and 
analyzed  in  one  day. 

II.  Chemistry;  DBCP  or  1 , 2-dibromo-3-chloropropane  was 
manufactured  at  Rocky  Mountain  Arsenal  as  Nemagon  and 
Fumazone. 

c3H5Br2cl 

CAS  No.:  96-121-8 
M.V.:  236.4 

m.p.:  5°C 

b.p.:  196°C 


III.  Apparatus : 

A.  Instrumentation : 

1.  Varian  3700  gas  chromatograph  with  a  63Ni 
electron  capture  detector.  Helium  carrier 
and  nitrogen  makeup  gases. 

2.  Column:  30  m  x  0.25  mm  ID  DB-5  fused  silica 
capillary  column  with  25-um  film  thickness. 
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3.  Integrator :  Varian  Model  Vista  402  data 
system. 


B.  Parameters : 

1.  Column  Gas  Flow:  Helium:  30  cm/sec  linear 
velocity;  nitrogen  (make-up):  20  mL/min. 

2.  Temperatures : 

Column:  80°C  for  2  min,  10°/min  to  140°,  hold  6 
min . 

Injection  Port:  200°C 
Detector:  250°C 

3.  Injection  Volume :  2.0  uL,  splitless  (open  split 

at  45  sec) 

4.  Retention  Time:  6.3  min. 

C.  Hardware /Glassware : 

1.  Glass  vial;  40  mL  with  Teflon-lined  cap 

2.  Volumetric  Flasks;  10-mL  and  100-mL 

3.  Volumetric  pipets;  1.0-mL,  2.0-mL,  5-0-mL,  10.0- 
mL,  and  20.0-mL 

4.  Graduated  pipets;  0.5-mL 

5.  Pasteur  pipets;  (disposable) 

6.  8  mL  and  15  mL  glass  test  tubes 

7.  Small  glass  funnels 

8.  Separatory  funnels,  125  mL 

9.  Syringes,  50  uL  and  10  uL 

10.  Platform  shaker 

11.  100  mL  amber  bottles 
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D.  Chemicals : 

1.  Hexane,  acetone  and  isooctane  (Burdick  and 
Jackson,  pesticide  grade  or  equivalent). 

2.  Sodium  sulfate,  (analytical  reagent,  pre-heated 
to  450°C  in  a  muffle  furnace). 

3.  DBCP  SARM  Reference  Standard 


IV.  Standards: 


A.  Standard  Solutions: 

1.  Stock:  With  e  syringe,  dilute  100  mg  (47.8  uL 
of  liquid  DBCP,  density  2.09  mg/mL)  to  100  mL 
with  acetone  in  a  100  mL  volumetric  flask  giving 
1,000  ug/mL  of  Stock  Standard  A. 

With  a  volumetric  pipet,  dilute  1.0  mL  of  Stock 
Standard  A  with  acetone  to  100  mL  giving  10 
ug/mL  Stock  Standard  B. 


2.  GC:  Prepare  GC  working  standards  by  diluting 
tilCP  standards  with  the  appropriate  volumetric 
or  graduated  pipets  to  a  final  volume  of  100 
mL  with  isooctane  as  follows: 

Final  Cone. 


Solution 

Volume 

(ug/mL) 

bBCP-WS-E 

0.50  mL  of  Stock  B  diluted 
to  100  mL 

0.050 

DBCP-WS-D 

0.25  mL  of  Stock  B  diluted 
to  100  eL 

0.025 

DBCP-VS-C 

20  mL  of  WS-E  diluted  to 
100  mL 

0.010 

DBCP-WS-B 

10  mL  of  VS-E  diluted  to 
100  mL 

0.0050 

DBCP-VS-A 

5  mL  of  WS-E  diluted  to 

100  mL 

0.0025 
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3.  Spiking:  Prepare  spike  standards  by  diluting 
DBCP  standards  with  volumetric  pipets  to  a  final 
volume  of  100  mL  with  acetone  as  follows: 


Solution 


Volume 


DBCP-SS-E  10  mL  of  Stock  B  diluted 
to  100  mL 

DBCP-SS-D  5.0  mL  of  Stock  B  diluted 
to  100  mL 

DBCP-SS-C  20  mL  of  SS-E  diluted  to 
100  mL 

DBCP-SS-B  10  mL  of  SS-E  diluted  to 
100  mL 

DBCP-SS-A  5  mL  of  SS-E  diluted  to 
100  mL 

DBCP-SS-MB  100  mL  of  acetone 


Final  Cone. 
(ug/mL) 
1.00 

0.50 

0.20 

0.10 

0.05 

0.00 


All  standards  are  stored  at  4°C  in  100  mL  amber 
bottles  with  Teflon-lined  screw  caps. 

B.  Control  Spikes: 

1.  For  certification,  add  1.0  mL  of  the  following 
spike  standards  to  10  g  of  standard  soil,  allow 
it  to  sit  one  hour,  and  then  proceed  as  in  part  V 
below: 


Designation 

Spike  Standard 

ug/g  added  to  soil 

"Method  Blank" 

DBCP-SS-MB 

0.0 

0.5X 

DBCP-SS-A 

0.005 

IX 

DBCP-SS-B 

0.01 

2X 

DBCP-SS-C 

0.02 

5X 

DBCP-SS-D 

0.05 

10X 

DBCP-SS-E 

0.10 

2.  Daily  quality  assurance  requires  the  analysis  of 
unspiked  standard  soil  (the  ’’Method  Blank’’ ),  a 
spike  at  0.020  ug/g,  and  duplicate  spikes  at  0.05 
ug/g  with  each  batch  of  samples.  These  dally 
spikes  are  prepared  by  adding  1.0  mL  of  spike 
standards  indicated  below  to  10  g  of  standard 
soil,  allowing  the  spikes  to  sit  for  one  hour, 
and  then  proceeding  as  in  V  below. 
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Designation 
"  MB  ~ 

2X 

5X 

5X  dup 


Spike  Standard 
DBCP-&S-E 
DBCP-SS-C 
DBCP-SS-D 
DBCP-SS-D 


ug/g  added  to  soil 
(7T5 
0.02 
0.05 
0.05 


V.  Procedure  s ; 

A.  Extraction;  A  10  g  portion  of  the  soil  sample  is 
transferred  to  a  40  mL  vial  equipped  with  a  Teflon- 
lined  screw  cap.  Twenty  mL  of  a  1:1  acetone/hexane 
solvent  mixture  is  then  added  to  the  soil.  The  vial  is 
capped  tightly  and  shaken  in  a  horizontal  position  for  4 
hr.  on  a  platform  shaker.  The  particulate  is  allowed 
to  settle.  The  sample  may  be  centrifuged,  if  necessary 
(indicate  in  the  laboratory  record  book  whether 
centrifugation  was  required).  Ten  mL  of  extract  (one- 
half  the  total)  is  removed  with  a  10  mL  pipette  and 
added  to  a  125  mL  separatory  funnel  containing  50  mL  of 
hexane-rinsed  water.  The  extract  is  washed  with  the 
water  by  shaking  the  capped  separatory  funnel  for  15 
sec.  and  the  phases  are  allowed  to  separate.  A  few 
crystals  of  sodium  sulfate  speeds  phase  separation. 


The  water/acetone  solution  is  drained  from  the 
separatory  funnel  and  discarded.  The  hexane  extract  is 
then  drained  into  a  15  mL  test  tube  using  a  small 
funnel.  The  separatory  funnel  and  small  transfer  funnel 
are  rinsed  with  enough  isooctane  to  reach  .to  10  mL 
calibration  mark  on  the  15  mL  test  tube,  about  0.5  g  of 
sodium  sulfate  is  added,  and  the  sample  is  thoroughly 
mixed . 

B.  Calibration ;  Calibrate  the  GC-EC  system  using  the  0.010 
ug/mL  working  standard  solution  and  prepare  a  standard 
curve  using  the  five  working  standards  listed  in  IV-A-2 
above  daily  prior  to  sample  analysis;  responses  within 
the  linear  range  should  not  exceed  "10%  of  the  average 
response.  Rerun  the  0.010  ug/mL  working  standard  after 
every  10  samples.  The  run  is  concluded  by  reinjecting 
the  standards  a  second  time.  Dilute  samples  whose 
response  is  not  encompassed  by  the  range  of  working 
standard  solutions. 
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IV.  Calculations:  Plot  the  concentration  of  DBCP  versus  peak 
area  for  each  standard.  Determine  the  concentration  of 
analyte  in  each  sample  aliquot  from  the  standard  curve. 

The  relationship  between  analyte  concentration  in  the  . 
soil  sample  and  in  the  sample  extract  is  as  follows: 

Cone  in  Soil(ug/g)  =  Cone  in  Extract  (ug/mL)  x  Final  Volume(mL)  x2 

Original  Sample  Weight  (g) 

Report  results  on  a  dry  soil  weight  basis  and  correct  for 
percent  recovery  (based  on  certification  data). 
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TITLE:  DBCP 


15:29  9  MAR  B5 


CHANNEL  NO:  4 


SAMPLE:  0.010UG/ML 


METHOD:  DBCP 


PEAK 

PEAK 

RESULT 

NO 

NAME 

PPM 

1 

0 . 0000 

2 

0 . 0000 

3 

0 . 0000 

A 

DBCP 

0.0109 

5 

0 . 0000 

6 

0 . 0000 

7 

0 . 0000 

e 

0 . 0000 

9 

0 . 0000 

10 

0 • 0000 

1  1 

0 . 0000 

TOTALS: 

0.0109 

TIME 

HEIGHT 

SEP 

CM  I  N  5 

COUNTS 

CODE 

5 . 394 

27E 

r-  •  / 

£  * 

5.572 

140 

V2 

6.150 

203 

BV 

6.270 

9149 

VB 

B.  136 

214 

BB 

B.56B 

503 

Bv 

B.636 

307 

VE 

B .  96B 

338 

BB 

9.203 

554 

B5 

9.639 

564 

BB 

10.246 

1550 

BB 

13B00 

DIVISOR:  1.00000  MULTIPLIER:  1.00000 


NOTES: 

30M  X  . 25MM  ID  DB-5 
80/2/ 1 0/ 1 40/6 

SFlITLESS  THEN  OPEN  AT  45SEC 
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BBTL  Method  S9 


ANALYSIS  OF  DIBROMOCHLOROPROPANEL  (DBCP)  IN  SOILS  BY  PC/ EC 


1. 


APPLICATION:  This  method  Is  applicable  forthe  quantitative  analysis 
of  dibromochloropropane  (DBCP)  in  soil  samples. 

a.  Tested  Concentration  Range:  0.005  to  0.10  yg/g. 


Sensitivity:  25  pg  gave  a  detector  response  of  23X  full-scale 

deflection  at  an  attenuation  of  32  with  a  range  of  10. 

o.eo  r 

Certified  Detection  Limit:  ~°*007 

Certified  Upper  Concentration  Limit:  0.1  Vg/g 


d.  Interferences:  Electron  capture  responding  compounds  with 

similar  retention  times. 

e.  Analysis  Rate:  10  smples  can  be  extracted  and  analyzed  in  2 

days. 

2.  CHEMISTRY:  DBCP  or  1 ,2,-dibromo-3-chloropropane  was  manufactured  at 
Rocky  Mountain  Arsenal  as  Nemagon  and  Fumazone. 


c3H5Br2C1 

CAS  No.:  96-121-8 

M.W. :  236.4 

m.p. :  5°C 

b.p. :  196°C 

3.  APPARATUS : 


a.  Instrumentation: 

(1) 

Varian  6000  gas  chromotograph  with  a  63Ni  electron 
capture  detector.  Helium  carrier  and  nitrogen  make-up 

gas. 

(2) 

Column:  30  m  x  0.25  mm  ID  DB-5  fused  silica  capillary 

column  with  0.25-jnn  film  thickness 

(3) 

Integrator: 
Packard  3557 

The  integration  was  performed  by  a  Hewlett 
Laboratory  Automation  System. 

b.  Parameters: 

(1) 

Gas  Flows: 

Heliun: 

30  cm/sec  linear  velocity  (flow  control 
set  at  2  mL/min) 
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(2) 

Column:  80°C  for  2  min,  then  10°C/min  to  140  C 

Injection  Port:^  2006C 

Detector:  250eC 

(3) 

Injection  Volume:  1.0  yL,  splitless  (open  split  at  45  sec) 

(4) 

Retention  Time:  6.37  min 

.  Hardware/ Glassware: 

(1) 

40  mL  amber  glass  VOA  vial  with  Teflon-lined  screw  cap. 

(2) 

Volumetric  Flask;  10-mL  and  100-mL 

(3) 

Syringes:  1.0  mL,  100  yL,  250  yL,  25  yL 

(4) 

Pasteur  pipets  (disposable) 

(5) 

2-mL  and  4-mL  amber  vials  with  Teflon-lined  screw  caps 

(6) 

Small  glass  funnels 

(7) 

Separatory  funnels,  125-mL 

(8) 

Syringes,  50-yL  and  10-yL 

(9) 

Aluminum  foil 

(10) 

Stainless  steel  spatulas 

(ID 

Kraft  Rotator 

(12) 

40-mL  amber  bottles 

d.  Chemicals: 

(1) 

Hexane  (Burdick  and  Jackson,  pesticide  grade) 

(2) 

Acetone  distilled-in-glass  (Burdick  and  Jackson) 

(3) 

Sodium  sulfate,  analytical  reagent,  preheated  to  450°C 
in  a  muffle  furnace 

(4) 

DBCP  (PA  722,  Lot  2118) 

STANDARDS 

: 

a.  Calibration  Standards 

(1) 

•Stock*  With  a  syringe,  dilute  25  mg  (12.0  yL  of 

DBCP  density  2.09  g/mL)  to  25  mL  with  acetone  in  a  25-m 
volumetric  fUsk  giving  1.000  «g/*L  of  Stock  St.nd.rd  A. 
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(2) 


With  a  syringe ,  dilute  100  yL  of  Stock  Standard  A  wi  th 
acetone  to  10  mL  In  a  volumetric  flask  to  prepare  10 
yg/mL  Stock  Standard  B. 

Working  Standards:  Prepare  working  standards  by  diluting 
DBCP  standards  with  the  appropriate  volumetric  or 
graduated  plpet  to  a  final  volume  of  100  mL  with  hexane 

am  1  AUC  • 


Solution 

Volume 

Final  Cone. 

( yg/mL) 

10X-W 

50  yL  of  Stock  B  diluted 
to  10  mL  with  hexane 

0.050 

5X-W 

25  yL  of  Stock  B  diluted 
to  10  mL  with  hexane 

0.025 

2X-W 

200  yL  of  10X-W  diluted  to 

1  mL  with  hexane 

0.010 

1X-V 

100  yL  of  10X-V  diluted  to 

1  mL  with  hexane 

0.0050 

0.5X-W 

50  yL  of  10X-W  diluted  to 

1  mL  with  hexane 

0.0025 

Control  Spikes 

• 

(1)  Spike  Stocks:  Prepare  spike  stocks  by  diluting  D 

standards  with  volumetric  pipets  to  a  final  volume  of 
mL  with  acetone  as  follows: 

Solution 

Volume 

Final  Cone. 
(yg/mL) 

10X-S 

10  mL  of  Stock  B  diluted 
to  100  mL  with  acetone 

1.00 

5X-S 

5.0  mL  of  Stock  B  diluted 
to  100  mL  with  acetone 

0.50 

2X-S 

20  mL  of  10X-S  diluted  to 
100  mL  with  acetone 

0.20 

1X-S 

10  mL  of  10X-S  diluted  to 
100  mL  with  acetone 

0.10 

0.5X-S 

5  mL  of  10X-S  diluted  to 
100  mL  with  acetone 

0.50 

All  standards  are  stored  at  0*C  In  amber  bottles  with  Teflon- 
lined  screw  caps. 
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(2) 


(3) 


Certification  Samples:  Prepare  .piked  samples  by  ^ding  1.0  mL 
of  the  appropriate  control  spike  stock  solution  to  10  g  of 
standard ^background  soil  with  a  volumetric  pipet.  Mix  and  allow 
to  equilibrate  for  1  hr.  Analyse  by  the  procedure  given  in  the 
following  section.  The  resulting  soil  spike  levels  are: 


Level 

Blank 

0.5X 

IX 

2X 

5X 

10X 


Spike  Solution 


0.5X 

IX 

2X 

5X 

10X 


Final  Cone. 

<»g  Lil - 

0.000 

0.005 

0.010 

0.020 

0.050 

0.100 


Daily  Control  Samples:  Four  quality  control  samples  are  to  be 
included  with  each  lot  of  field  samples.  They  are  the  *>1®°* 
(unspiked  soil),  one  IX  level  spike  (0.01  pg/g)  and  two  5X  level 
spikes  (0.05  yg/g).  They  are  prepared  in  the  same  manner  as  the 

certification  espies  by  ad  dine  1-0  “""°1 

spike  stock  solutin  to  10  g  of  standard  background  soil  with  a 
volumetric  pipet.  The  sanple  is  mixed  and  allowed  to  .... 

equilibrate  for  one  hour.  The  control  samples  are  ®n®*y*ed  yri 
the  field  simples  according  to  the  procedure  given  in  the 

following  section. 


Final  Cone. 

Level  Spike  Solution  (ug/g) - 


Blank 

IX 

5X 

5X 


IX 

5X 

5X 


0.000 

0.010 

0.050 

0.050 


5.  PROCEDURE : 


Sample  Handling:  Soil  core  eectlons  received  «tomthefleldln 
. vkitvrste  tube  sections  will  be  subsampled  in  the  laboratory 
Sti^g  .Stainless  steel  coring  tube  inserted  ler^thwise  into  the 
end  of  the  core  section.  This  procedure  will  allow  a  composite 
subsample  of  the  entire  core  length  to  be  tsken  for  analysis. 

The  core  subsample  will  be  taken  from  the  center  of  the  core 
section  to  avoid  analyring  soil  which  has  contacted  the 
polvbutyrate  tube  walls.  Subsampling  using  the  coring  ^vice 
will  be  repeated  until  aufficient  quantity  of  soil  la  removed  to 
perform  all  the  required  analyses. 

The  center  core  emples  «ill  be  treneferred  to  the  doll  elde  of 
Seen  aluminom  foil,  the  ample  thoroughly  .load  o.lng  a  clean 
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.'■.inlmss  steel  spatula,  and  the  entire  subsanple  transferred  to 
I  rfttt  t»te\  glam  container  with  Teflon-lined  lid  for  .toroge 
prior  to  removal  of  aliquots  for  analysis. 

Tot  surface  soil  samples,  the  entire  contents  of  the  sample 
little  2u  be  transferred  to  the  dull  side  of  clean  jlu^num 
foil  The  sample  is  returned  to  the  original  sample  bottle  or 
£  i'cl«n  enter  gl.ee  container  for  etorege  prior  to  ranov.l  of 

aliquots  for  analysis. 

latractlon:  Smplee  are  to  be  extracted  within  7  d.ye  of  ample 
**”*“;°"  A  10-g  portion  of  the  .oil  ample  ie  tranaferred  to 
rlo^I  mber  gl.ee  TOA  rial  equipped  with  a  Teflon-lined  .crew 
_  _e.tr  milliliters  of  a  1:1  acetone/hexane  solvent 

^^r.r/th  n' ad  to  the  .oil  with  a  volumetric  pipet.  The 
centrifuge 6 tube  la  capped  tightly  and  eh.hen  for  A  hrs  on  a 
Tut  The  ©articulate  is  allowed  to  settle.  The  sample  may 
Se  ««rlfugedP!  if  neceee.ry  (indicate  in  t''e  l»hor.tory  r.cord 
book  whether  cen.rif* ation  wee  J"£,““l„»etrlc 

extract  (o"e-h»lf  ^e  total)  f  el  c0„t»i„l„g  50  nl 

of  ^hexane-extracte^waterf^The  extrac^ie  waehed  wlt^the^water 

»  SSStrKWrf f-  cryatala  of  .odium 
sulfate  speeds  phase  separation. 

The  water/acetone  solution  is  drained  fr®  the 

The  hexane  extract  is  then  drained  into  a  10-mL 

sSrZnzrsx* — • « "  - 

added  as  a  drying  agent. 

gxtract  handling:  Being  a  di.poe.ble  pipet,  a  portion  of  the 
10— ml.  hexane  extrmt  is  fo"  gc/gcD  inalyeie. 

within  30  days  of  sample  extraction. 

Calibration: 

«s«d«  i*^ -it  r^rr  irisst 

^r.°»nd‘“J"l  .tend  time.  Wlute  .mplee  whoa,  re.pon.e  ie 
not  enc®passed  by  the  range  of  standards. 
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6. 


CALCULATIONS :  Ho,  the  eono.ntr.tion  of  D»CP  «««  H *  ““  ^ 

rsr*.  »r 

253S.“as«2  5S-*lv«  t 

between  .n.lyte  eoncentr.tlon  in  the  .oil  e«ple  e~«  the  BmfU 
extract  is  as  follows: 

Cone.  In  Soil  (vg/g)  -  Cone,  in  Extract  (ug/oL)  *  2 


7. 


where 


10  tnL  Extract  2  /one_jjalf  of  extract) 
10  g  Soil 


2 


Report  results  on  a  dry  soil  weight  basis,  corrected  for 
recovery  as  determined  during  certification. 


REFERENCE: 
Support  and 


ESE  Technical  Proposal  for  Litigation  and  Technical 
Services,  Rocky  Mountain  Arsenal,  November  198*. 
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METALS  IN  SOIL  AND  SOLID  SAMPLES  BY  INDUCTIVELY  COUPLED 
ARGON  PLASMA  SPECTROSCOPY:  USATHAMA  CERTIFIED  METHOD  P9  FOR  UBTL 
AND  USATHAMA  CERTIFIED  METHOD _ FOR  CAL 

DEVELOPED  FROM 
USATHAMA  METHOD  7S 


USATHAMA  CERTIFIED  METHOD  P 9  FOR  UBTL 


UBTL  Method  P9 
Revision  #1  July  17,  1985 


METALS  IN  SOIL  AND  SOLID  SAMPLES 
BY  INDUCTIVELY  COUPLED  ARGON  PLASMA  SPECTROSCOPY 


l.  application 

This  method  is  applicable  to  the  analysis  of  the  following  elements 
in  soils  and  solid  samples: 


Element 

Cadmium 

Chromium 

Copper 

Lead 

Zinc 


Chemical  Symbol 

Cd 

Cr 

Cu 

Pb 

Zn 


a.  TESTED  CONCENTRATION  RANGES 

The  tested  concentration  ranges  in  standard  soil  are 


Analyte 

Cadmium 

Chromium 

Copper 

Lead 

Zinc 

Aluminum 

Iron 


Tested  Spike 
Concentration 
Range  (ug/g) 

0.25  to  50 

2.5  to  500 

2.5  to  500 

2.5  to  500 

2.5  to  500 


Wavelength 

228.802 

205.552 

324.754 

220.353 

213.856 

308.215 

259.940 


Confirmation 

Wavelength 

214.438 

267.716 

327.396 

216.999 

206.200 

396.152 

238.204 


Aluminum  and  iron  are  determined  in  order  to  perform 


interelement  corrections. 


B.  SENSITIVITY 

The  sensitivity  of  a  spectral  line  is  a  measure  of  the  rate  of 
change  of  emission  intensity  with  concentration  of  analyte. 
Listed  below  are  the  background  corrected  intensities,  expressed 
as  counts,  for  the  analytes  at  their  detection  limits: 
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Element 

Cd 

Cr 

Cu 

Pb 

Zn 


Intensity  (counts) 

1700 

1700 

1200 

2000 

2300 


C.  DETECTION  LIMITS 

The  detection  Units  in  M.ndard  noil,  calculated  according  to 
Hubaux  and  Vos,  are: 


Analyte 

Cd 

Cr 

Cu 

Pb 

Zn 


Certified  Detection 
Limit  (ug/g) 

0.74 

6.5 

4.7 
8.4 

8.7 


Range  (ug/g) 

0.74  -  50 

6.5  -  500 

4.7  -  500 

8.4  -  500 

8.7  -  500 


D.  INTERFERENCES 

Several  types  of  interference  effects  may  contribute  to 
inaccuracies  In  the  determination  of  trace  elements.  They  can 
be  summarized  as  follows: 

Spectral  interferences  can  be  categorized  as  (1)  overlap  of  a 
spectral  line  from  another  element;  (2)  unresolved  overlap  of 
molecular  band  spectra;  (3)  background  contribution  from 
continuous  or  recombination  phenomena;  and  (4)  background 
contribution  from  stray  light  from  the  line  emission  of  high 
concentration  elements.  The  first  of  these  effects  can  be 
compensated  by  utilizing  a  computer  correction  of  the  raw  data, 
requiring  the  monitoring  and  measurement  of  the  interfering 
element.  The  second  effect  may  require  selection  of  an 
alternate  wavelength.  The  third  and  fourth  effects  can  usually 
be  compensated  by  a  background  correction  adjacent  to  the 
analyte  line.  In  addition,  users  of  simultaneous  multielement 
instrumentation  must  assume  the  responsibility  of  verifying  the 
absence  of  spectral  interference  for  an  element  that  could  occur 
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i„  a  ample  but  for  which  there  is  no  channel  in  the  Instrument 
array.  (Please  refer  to  attached  table).  These  data  are 
Intended  for  uae  only  as  a  rudimentary  guide  for  indicating 
potential  spectral  interferences.  For  this  purpose,  linear 
relations  between  concentration  and  intensity  for  the  analytes 
and  the  interferences  can  be  assumed. 

physical  interferences  are  generally  considered  to  be  effects 
associated  with  the  sample  nebuliaation  and  transport 
processes.  Such  properties  as  change  in  viscosity  and  surface 
tension  can  cause  significant  inaccuracies  especially  in  samples 
which  may  contain  high  dissolved  solids  or  acid 

concentrations.  The  use  of  a  peristaltic  pump  may  lessen  these 
interferences.  If  these  types  of  interferences  are  operative, 
they  must  be  reduced  by  diluting  the  sample  and/or  utilising 
standard  addition  techniques.  Another  problem  which  can  occur 
from  high  dissolved  solids  is  salt  buildup  at  the  top  of  the 
nebulizer.  This  affects  aerosol  flow  rate,  causing  instrumental 
drift.  Wetting  the  argon  prior  to  nebuliaation,  the  use  of  a 
top  washer,  or  ample  dilution  have  been  used  to  control  this 
problem.  Also,  the  use  of  a  high  solid  nebulizer  can  reduce 
salt  build-up  in  the  nebulizer  and  can  also  prevent  drifting  and 
loss  of  sensitivity  in  the  instrument.  In  addition,  it  has  been 
reported  that  better  control  of  the  argon  flow  rate  improves 
instrument  performance.  This  is  accomplished  with  the  use  of 
mass  flow  controllers. 

Chemical  interferences  are  characterized  by  molecular  compound 
formation,  ionization  effects  and  solute  vaporization  effects. 
Normally  these  effects  are  not  pronounced  with  ICP  technique 
however,  if  observed  they  can  be  minimized  by  careful  selection 
cf  operating  conditions  (that  is,  incident  power,  observation 
position,  and  so  forth),  by  buffering  of  the  .-.pie,  b,  matrix 
matching,  and  by  standard  addition  procedures.  These  types  o 
interferences  can  be  highly  dependent  on  matrix  type  and  the 
specific  analyte  element. 
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Because  of  the  differences  between  various  makes  and  models  of 
satisfactory  instruments,  no  detailed  universal  operating 
instructions  con  he  provided.  Instead,  the  analyst  should 
follow  the  instructions  provided  by  the  manufacturer  of  the 
particular  instrument.  Sensitivity,  Instrumental  detection 
limit,  precision,  linear  dynamic  range,  and  interference  effects 
must  be  investigated  and  established  for  each  individual  analyte 
line  on  that  particular  instrument. 

in  order  to  correct  for  Interferences  in  the  RMA  standard  soil 
matrix  the  Perkin  Elmer  ICP  6500  was  progressed  to  use  the 
interelement  correction  for  aluminum  and  iron.  It  should  be 
noted  that  this  correction  as  programmed  in  the  ICP  6500 
corrects  the  intensities  of  all  elements  in  the  analyte  list  for 
both  aluminum  and  iron. 

An  Interference  check  sample  is  used  to  verify  that  the 
correction  routines  are  functioning  properly.  The  interference 
check  sanple  is  prepared  to  approximate  the  background  found  in 
the  standard  soil.  Regardless  of  the  means  used  to  achieve 
correction  for  interferences  the  analyte  readings  obtained  for 
the  interference  check  sample  must  be  within  ±  201  of  the 
expected  value. 

The  interference  check  sample  is  prepared  by  adding  the 
indicated  volumes  of  1000  wg/mL  (ppm)  standard  solutions  to  a 
100  ml  volumetric  flask  and  diluting  to  volume  with  11 
(volume/volume)  nitric  acid. 
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Element 

Cd 

Ct 

Cu 

Pb 

Zn 

A1 

Cs 

Fe 

Mg 


bL  of  1000 
np/tnL  SARM 

0.010 

0.10 

0.10 

0.10 

0.10 

20 

25 

25 

10 


Final  Concentration 

in  100  ml  (yg/mL) 

0.1 

1.0 

1.0 

1.0 

1.0 

200 

250 

250 

100 


E.  ANALYSIS  RATE 

After  instrument  calibration,  one  analyst  can  analyze 
approximately  50  samples  in  an  8-hour  day.  Approximately  20 
samples  can  be  digested  in  an  8-hour  day  by  one  technician. 


2.  CHEMISTRY 

A.  Alternate  nomenclature  and  Chemical  Abstract  Service  (CAS) 
registry  number. 


Analyte 

Cd 

Cr 

Cu 

Pb 

Zn 

A1 

Fe 


Alternate 

Nomenclature  Registry  Number^ 

7440-43-9 

7440-47-3 

7440-50-8 

__  7439-92-1 

7440-66-6 

__  7429-90-5 

7439-89-6 


B.  PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  ANALYTES 


Analyte 

Cd 

Cr 

Cu 

Pb 

Zn 


Melting 

Point 

(°C) 

Boiling 

Point 

ro 

Density 
(e/taL  at  20 

320.9 

765 

8.65 

1875 

2665 

7.19 

1083 

2595 

8.96 

327.4 

1725 

11.4 

419.5 

906 

7.14 
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C.  CHEMICAL  REACTIONS 
None. 

3.  APPARATUS 

A.  instrumentation 

Perk in-Elmer  ICP  6500  sequential  inductively  coupled  argon 
plasma  emission  spectrometer  equipped  with  software  for 
background  correction  and  inter-elment  correction. 

B.  INSTRUMENT  OPERATING  PARAMETERS 
The  instrument  settings  are  as  follows: 

Incident  RF  power 
Observation  height 
Sample  argon  flow  rate 
Coolant  argon  flow  rate 

C.  HARDWARE / GLAS  SWARE 

1.  Pyrex*  Phillips  beakers,  125  mL,  with  watch  glasses. 

2.  Hot  plate. 

3.  Oxford  macro-pipetter  (with  disposable  tips). 

4.  Disposable  beakers  (10-mL  capacity). 

5.  Whatman  11cm  #2  filter  paper. 

6.  Volumetric  Flasks,  1000  mL,  50  mL. 

7.  Filter  funnels. 

D.  CHEMICALS  AND  REAGENTS 

1.  Ultrex  (or  equivalent) concentrated  nitric  acid  (HNO3) 
and  Ultrex  (or  equivalent)  hydrochloric  acid  (HC1). 

2.  1,000  pg/mL  (ppm)  Reference  Standard  Solutions.  (SARM’s) 

3.  A  1,000  lig/ml.  (PP«)  K»h*r  Reference  St.nd.rd  Solution  of 
alunl nun  wee  substituted  for  the  1,000  ug InL  B*er  SAM 
which  was  found  to  contain  0.5  ug/mL  copper. 

4.  Millipore  Super  Q  deionised  distilled  water  (or 
equivalent) . 


1.1  Kilowatts  (KW) 
14  mm 

0.96  L/min 
12  L/min 
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4.  STANDARDS 

A>  CALIBRATION  STANDARDS  (to  calibrate  instrument  only) 

1.  Obtain  the  1000  yg/mL  reference  standard  solution  for  each 
me  tal . 

2.  Prepare  the  dilute  multi-element  stock  calibration  standard 
(Standard  C-l)  by  pipetting  10  oL  of  each  reference 
standard  solution  (1  mL  of  the  cadmium  solution)  into  a 

1 ,000-mL  volumetric  flask  and  diluting  to  volume  with  1.0% 
(volume/volume)  nitric  acid. 

3.  Subsequent  calibration  standards  are  prepared  according  to 
the  following  table.  Dilutions  are  made  with  1%  nitric 
acid.  Calibration  standard  C-l  is  also  shown  for 
completeness. 


Final 

Final 

Volume 

Final 

Concentration 

Concentration 

Calibration 

(mL) 

Volume 

(yg/mL)  for 

(yg/mL)  for 

Standard 

of  C-l 

(mL) 

Cadmium 

Other  Metals 

C-l 

— 

— 

1 

10 

C-2 

20 

100 

0.2 

2 

C-3 

10 

100 

0.1 

1 

C-4 

5 

100 

0.05 

0.5 

C-5 

2 

100 

0.02 

0.2 

C-6 

1 

100 

0.01 

0.1 

C-7 

0.5 

100 

0.005 

0.05 

C-8  (Blank) 

0 

100 

0 

0 

4.  Initial  calibration  is  verified  using  all  eight  calibration 
standards. 

5.  Daily  calibration  is  verified  using  C-l,  C-2,  C-4,  C-7,  and 
C-8. 

6.  Calibration  standard  C-2  is  analyzed  at  a  frequency  of 
10%.  The  purpose  of  this  check  is  to  determine  instrument 
ijj-ift,  xf  agreement  is  not  within  ±  10%  of  the  expected 
value,  the  analysis  must  be  terminated,  until  the  problem 
is  identified  and  corrected.  The  instrument  is  then 
recalibrated  before  continuing  the  analysis. 

7.  Special  high  range  calibration  standards  were  made  for 
aluminum  and  iron  to  allow  for  interelement  correction. 
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B.  CONTROL  SPIKES 

1.  The  recovery  of  each  metal  must  be  tested  through  the 

complete  sample  work-up,  which  Includes  the  digestion.  To 
facilitate  this  process,  two  sets  of  multi-metal  dilute 
standard  solutions  are  prepared.  These  solutions  are 
prepared  from  the  1000  pg/mL  (ppm)  reference  standard 
solutions  of  each  metal.  Solution  A1  is  prepared  by 
pipetting  25  mL  of  the  1000  pg/mL  (ppm)  reference  standard 
solutions  of  copper,  chromium,  and  zinc,  and  2.5  mL  of  the 
1000  pg/mL  (ppm)  cadmium  solution  into  a  250  mL  volumetric 
flask  and  diluting  to  volume.  Solution  A2  is  prepared  by 
pipetting  25  mL  of  the  1000  pg/mL  (ppm)  lead  solution  into 
another  250  mL  volumetric  flask  and  diluting  to  volume. 
Solution  B  is  prepared  by  pipetting  25  mL  each  of  Solutions 
Ai  and  A2  into  a  500  mL  volumetric  flask  and  diluting  to 
volume.  Dilutions  are  made  using  11  nitric  acid. 

2.  To  prepare  working  spike  solutions,  spike  aliquots  of  the 
dilute  standard  solutions  into  100  mL  volumetric  flasks 
according  to  the  following  table,  and  dilute  to  volume  with 
1%  nitric  acid. 


Concentration  in  Working 
Spike  Solutions 


Spike 

Level 

Volume  of 

Dilute  Standard 
Solution  (mL) 

Cadmium 

pg/mL 

Other  Metals 
pg/mL 

0 

0.5x 

0 

5.0  (B) 

0 

.025 

0 

.250 

lx 

10.0  (B) 

.050 

.50 

2x 

20.0  (B) 

.100 

1  w0 

5x 

50.0  (B) 

.250 

2.5 

lOx 

100.0  (B) 

.500 

5.0 

2  Ox 

10.0  each  Al  &  A2 

1.00 

10*0 

5  Ox 

25.0  each  Al  A  A2 

2.50 

25.0 

lOOx 

* 

•Follow  Special  Inetructlone :  Do  not  equal  volu«»  * 
ai  jind  A2  together  without  dilution,  as  complex  metal  precipitations 
raay*occur  u^n  string.  To  prepare  the  lOOx  control  spike  sample, 
spike  separate  5  mL  aliquots  of  Al  and  A2  into  a  single  1  gr 
standard  soil  sample. 
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3.  Spike  10  mL  of  each  wsrking  spike  solution  into  separate  1 
gran  sanples  of  standard  soil,  except  as  noted  in  4.B.2  for 
the  100X  6pike.  The  spiked  samples  are  allowed  to  stand 
for  at  least  one  hour  before  proceeding  with  digestion. 

The  resultant  specific  concentration  levels  for  each  metal 
are  as  follows: 


Control  Spike  Concentration  Levels  (ug/g) 


Analyte 

0.5x 

_lx 

2x 

5x 

lOx 

2  Ox 

5  Ox 

lOOx 

Cd 

0.25 

0.5 

1.0 

2.5 

5.0 

10 

25 

50 

Cr 

2.5 

5 

10 

25 

50 

100 

250 

500 

2.5 

5 

10 

25 

50 

100 

250 

500 

vu 

Pb 

2.5 

5 

10 

25 

50 

100 

250 

500 

X  U 

Zn 

2.5 

5 

10 

25 

50 

100 

250 

500 

4.  Analyze  a  complete  set  of  spiked  sanples,  including  a 
reagent  blank  (unspiked  soil),  on  four  successive  days  for 
quantitative  certification. 

5.  For  daily  quality  control  analyze  a  set  of  three  spiked 
sanples  (two  at  the  high  level  and  one  at  the  low  level) 
and  a  reagent  blank  (unspiked  soil)  with  each  lot.  One 
gran  of  soil  is  spiked  with  a  total  of  10  mL  of  the 
required  spiking  solution/ solutions  (5  mL  each  of  solutions 
D1  and  D2) .  A  10  mL  aliquot  of  1%  nitric  acid  is  added  to 
the  reagent  blank  (unspiked  soil)  sample.  The  spiked 
sanples  are  allowed  to  stand  for  at  least  one  hour  before 
proceeding  with  digestion. 


The  high  level  spiking  solutions  are  prepared  by  adding  the 
indicated  volumes  of  1000  yg/mL  (ppm)  SAKM  solutions  to 
separate  500  mL  volumetric  flasks  and  diluting  each  to 
volume  with  1%  nitric  acid. 
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Analyte 


Cd 

Cr 

Cu 

Zn 


Pb 


High  Level  Pally  QC  Spiking  Solutions 


Volume  of  1000  yg/mL  Cone.  (yg/mL)  In 
SARM  Added  to  High  Level 

500  mL  Vol .  Flask  Spiking  Soln. 

Solution  D1 


2.5 

10 

10 

25 


5 

20 

20 

50 


Amount  (yg)  spiked 
Onto  Soil  in  a 
5  mL  Aliquot 


25 

100 

100 

250 


Solution  D2 


25 


50 


250 


The  low  level  spiking  solution  is  prepared  by  adding  the 
indicated  volumes  of  1000  yg/mL  (ppm)  SARM  solution  to  a 
500  mL  volumetric  flask  and  diluting  to  volume  with  IX 

nitric  acid. 


Low  Level  Daily  PC  Spiking  Solution 

Amount  (yg)  spiked 
Onto  Soil  in  a 
10  mL  Aliquot 

2.5 
10 
10 
25 
50 

5.  PROCEDURE 

A.  SAMPLE  PREPARATION 

1.  Weigh  1 .0-gram  soil  samples  and  quantitatively  transfer  to 
125-mL  Phillips  beakers. 

2.  Add  3.0  mL  of  concentrated  nitric  acid;  cover  the  beakers 
with  watch  glasses,  place  on  a  hot  plate,  evaporate  to  near 
dryness,  and  cool.  It  is  important  that  this  digestion 
stay  on  the  wet  side  cf  near  dryness,  that  is,  no  area  on 
the  bottom  of  the  Phillips  beaker  should  become  dry. 

3.  Repeat  Step  2  until  the  digestion  is  complete. 


Analyte 

Cd 

Cr 

Cu 

Pb 

Zn 


Volume  of  1000  yg/mL 
SARM  Added  to 
500  mL  Vol.  Flask 

0.125 

0.50 

0.50 

1.25 

2.50 


Cone.  (yg/mL)  in 
Low  Level 
Spiking  Soln. 

0.25 

1.0 

1.0 

2.5 

5.0 
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4.  Add  2.0  mL  of  1+1  HN03  and  2.0  bL  of  1+1  HC1  to  the 
residue,  and  heat  for  five  minutes.  Note  the  presence  and 
appearance  of  any  remaining  residue. 

5.  Wash  down  the  sides  of  the  beakers  and  the  watch  glass 
covers  with  deionized  water. 

5.  Filter  the  samples  through  nitric  acid  rinsed  Whatman  11  cm 
#2  filter  paper. 

7.  Dilute  each  sample  to  a  final  volume  of  50.0  mL  with 
deionized  water. 

B.  CALIBRATION  AND  ANALYSIS 

The  procedures  for  sequential  analysis  described  in  the 
manufacturer's  operator's  manual  call  for  calibration  using 
calibration  standard  C-l  only.  Linearity  is  verified  by 
analyzing  the  set  of  liquid  standards  as  if  they  were  samples. 
The  correlation  coefficient  of  the  linear  regression  fit  must  be 
0.996  or  better. 

6.  CALCULATIONS 

A.  The  spectrometer  provides  direct  readout  of  solution 
concentrations. 

B.  Determine  the  concentration  of  metal  in  soil/sediment  matrix  (on 
a  dry-weight  basis)  according  to  the  following  formula: 

yg/L  metal  x  Vg 

Concentration  (yg/g)  *  - T 

"d 

where:  W^  »  dry  weight  of  sample  in  extract  (in  grams) 

V  m  volume  of  extract  (in  liters) 
e 

7.  REFERENCES 

EPA  Method  200.7,  EPA  600/4-79-020,  Revised  March  1983. 
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Test  Method 

Inductively  Coupled  Plasma — 
Atomic  Emission  Spectrometric 
Method  for  Trace  Element 
Analysis  of  Water  and 
Wastes— Method  200.7 


1 .  Scope  and  Application 

1 .1  This  method  may  be  used  for 
the  determination  of  dissolved, 
suspended,  or  total  elements  in 
drinking  water,  surface  water, 
domestic  and  industrial  wastewaters 

1 .2  Dissolved  elements  are 
determined  in  filtered  and  acidified 
samples  Appropriate  steps  must  be 
taken  in  all  analyses  to  ensure  that 
potential  interference  are  taken  inio 
account  This  is  especially  true  when 
dissolved  solids  exceed  1500  mg/L. 
(See  5  > 

1 .3  Total  elements  are  determined 
after  appropriate  digestion  procedures 
are  performed  Since  digestion 
techniques  increase  the  dissolved 
solids  content  of  the  samples, 
appropriate  steps  must  be  taken  to 
correct  for  potential  interference 
affects  (See  5.) 


1 .4  Table  1  lists  elements  for  which 
this  method  applies  along  with 
recommended  wavelengths  and 
typical  estimated  instrumental 
detection  limits  using  conventional 
pneumatic  nebulization.  Actual 
working  detection  limits  are  sample 
dependent  and  as  the  sample  matrix 
varies,  these  concentrations  may  also 
vary.  In  time,  other  elements  may  be 


added  as  more  information  becomes 
available  and  as  required 

1.6  Becaiise  of  the  differences 
between  various  makes  and  models  of 
satisfactory  instruments,  no  detailed 
instrumental  operating  instructions 
can  be  provided  Instead,  the  analyst 
is  referred  to  the  instructions  provided 
by  the  manufacturer  of  the  particular 
instrument 

2.  Summary  of  Method 

2.1  The  method  describes  a 
technique  for  the  simultaneous  or 
sequential  multielement 
determination  of  trace  elements  in 
solution  The  basis  of  the  method  is 
the  measurement  of  atomic  emission 
by  an  optical  spectroscopic  technique 
Samples  are  nebulized  and  the 
aerosol  that  is  produced  is  transported 
to  the  plasma  torch  where  excitation 
occurs  Characteristic  atomic-line 
amission  spectra  are  produced  by  e 
radio-frequency  inductively  coupled 
plasma  (ICP)  The  spectra  are 
dispersed  by  •  grating  spectrometer 
and  the  intensities  of  the  lines  are 
monitored  by  photomult'pi'er  tubes 
The  photocurrents  from  the 
photomultiplier  tubes  ere  processed 
end  controlled  by  a  computer  system. 
A  background  correction  technique  is 
required  to  compensate  for  variable 
background  contribution  to  the 
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determination  of  trace  elements. 
Background  must  be  measured 
adjacent  to  analyte  lines  on  samples 
during  analysis  The  position  selected 
for  the  background  intensity 
measurement,  on  either  or  both 
of  the  analytical  line,  will  be 
determined  by  the  complexity  of  the 
spectrum  adjacent  to  the  analyte  line 
The  position  used  must  be  free  or 
spectral  interference  and  reflect  the 
same  change  in  background 
intensity  as  occurs  at  the  analyte 
wavelength  measured  Background 
correction  is  not  required  in  cases  of 
line  broadening  where  a  background 
correction  measurement  would 
actually  degrade  the  analytical  result 
The  possibility  of  additional 
interferences  named  in  5  1  (and  tests 
for  their  presence  as  described  m  5  2) 
should  also  be  recognized  and 
appropriate  corrections  made 

3.  Definitions 

3.1  Dissolved  —  Those  elements 
which  will  pass  through  a  045  //m 
membrane  filter 

3.2  Suspended  —  Those  elements 
which  are  retained  by  a  0  45  prn 
membrane  filter 

3.3  Total  —  The  concentration 
determined  on  an  unfiltered  sample 
following  vigorous  digestion  (9  3).  or 
the  sum  of  the  dissolved  plus 
suspended  concentrations  <9  1  plus 
9.2.) 

3  4  Total  recoverable  —  The 
concentration  determined  on  an 
unfiltered  sample  following  treatment 
with  hot.  dilute  mineral  acid  (9  4) 

3.5  Instrumental  detection  limit  — 
The  concentration  equivalent  to  a 
signal,  due  to  the  analyte,  which  is 
equal  to  three  times  the  standard 
deviation  of  a  series  of  ten  replicate 
measurements  of  a  reagent  blank 
signal  at  the  same  wavelength 

3.6  Sensitivity  —  The  slope  of  the 
analytical  curve,  i.e  functional 
relationship  between  emission 
intensity  and  concentration 

3.7  Instrument  check  standard  —  A 
multielement  standard  of  known 
concentrations  prepared  by  the 
analyst  to  monitor  and  verify 
instrument  performance  on  a  daily 
basis.  (See  7.6  1) 

3.8  Interference  check  sample  —  A 
solution  containing  both  interfering 
and  analyte  elements  of  known 
concentration  that  can  be  used  to 


verify  back'vc'jnl  and  interelement 
correction  factors  (See  7.6.2) 

3.9  Quality  control  sample  —  A 
solution  obtained  from  an  outside 
source  having  known,  concentration 
values  to  be  used  to  verify  the 
calibration  standards  (See  7.6  3) 

3. 10  Calibration  standards  —  a 
senes  of  know  standard  solutions 
used  by  the  analyst  for  calibration  of 
the  instrument  (•  e  .  preparation  of  the 
analytical  curve)  (See  7.4) 

3.11  Linear  dynamic  range  —  The 
concentration  range  over  which  the 
analytical  curve  remains  linear 

3  12  Reagent  blank  —  A  volume  of 
deionized,  distilled  water  containing 
the  same  acid  matrix  as  the 
calibration  standards  carried  through 
the  entire  analytical  scheme  (See 
752) 

3  13  Calibration  blank  —  A  volume 
of  deionized  distilled  water  acidified 
with  HNOa  and  HCI  (See  7.5  1 ) 

3. 14  Method  of  standard  addition  — 
The  standard  addition  technique 
involves  the  use  of  the  unknown  and 
the  unknown  plus  8  known  amount  of 
standard  (See  106  1) 

4.  Safety 

4  1  The  toxicity  or  carcinogenicity  of 
each  reagent  used  in  this  method  has 
not  been  precisely  defined,  however, 
each  chemical  compound  should  be 
treated  as  a  potential  health  hazard 
From  this  viewpoint,  exposure  to 
these  chemicals  must  be  reduced  to 
the  lowest  possible  level  by  whatever 
means  available  The  laboratory  is 
responsible  for  maintaining  a  current 
awareness  file  of  OSHA  regulations 
regarding  the  safe  handling  of  the 
chemicals  specified  in  this  method  A 
reference  file  of  material  data 
handling  sheets  should  also  be  made 
available  to  all  personnel  involved  in 
the  chemical  analysis  Additional 
references  to  laboratory  safety  are 
available  and  have  been  identified 
(14  7.  14.8  and  14  9)  for  the  •* 
information  of  the  analyst 

6.  Interferences 

6.1  Several  types  of  interference 
affects  may  contribute  to  inaccuracies 
in  the  determination  of  trace 
elements  They  can  be  summarized  as 
follows: 

B  1.1  Spectral  interferences  can  be 
categorized  as  1)  overlap  of  a  spectral 
line  from  another  element;  2) 


unresolved  overlap  or  moiecuiar  Dana 
spectra.  3)  background  contribution 
from  continuous  or  recombination 
phenomena,  and  4)  background 
contribution  from  stray  light  from  the 
line  emission  of  high  concentration 
alements  The  first  of  these  effects 
can  be  compensated  by  utilizing  a 
compuier  correction  of  the  raw  data, 
requiring  the  monitoring  and 
measurement  of  the  interfering 
element  The  second  effect  may 
require  selection  of  an  alternate 
wavelength  The  third  and  fourth 
effects  can  usually  be  compensated  by 
a  background  correction  adjacent  to 
the  analyte  line  In  addition,  users  of 
simultaneous  multielement 
instrumentation  must  assume  the 
responsibility  of  verifying  the  absence 
of  spectral  interference  from  an 
element  that  could  occur  in  a  sample 
but  for  which  there  is  no  channel  in 
the  instrument  array  Listed  in  Table  2 
are  some  interference  effects  for  the 
recommended  wavelengths  given  in 
Table  1  The  data  in  Table  2  are 
intended  for  use  only  as  a 
rudimentary  guide  for  the  indication  of 
potential  spectral  interferences  For 
this  purpose  linear  relations  between 
concentration  and  intensity  for  the 
analytes  and  the  interferents  can  be 
assumed 

The  interference  information,  which 
was  collected  at  the  Ames  Laboratory, 
is  expressed  at  analyte  concentration 
eqivalems  (•  e  false  analyte  concen¬ 
trations)  arising  from  100  mg  'L  of  the 
interferent  element  The  suggested  use 
of  this  information  is  as  follows 
Assume  that  arsenic  (at  1 93  696  nm) 
is  to  be  determined  m  a  sample 
containing  approximately  10  mg  a  of 
aluminum  According  to  Table  2.  100 
mg  'L  of  aluminum  would  yield  a  false 
signal  for  arsenic  equivalent  to 
approximately  1 .3  mg /i  Therefore 
10  mg/L  of  aluminum  would  result  in 
a  false  signal  for  arsenic  equivalent  to 
approximately  0  13  mg7L  The  reader 
is  cautioned  that  other  analytical 
systems  may  exhibit  somewhat 
different  levels  of  interference  than 
those  shown  in  Table  2,  and  that  the 
interference  effects  must  be  evaluated 
for  each  individual  system 


Only  those  interferents  listed  werf 
nvestigated  and  the  blank  spaces  m 
rabie  2  indicate  that  measurable  inter 
erences  were  not  observed  for  t  r 
nterferent  concentrations  listed  ir 
(able  3  Generally,  interferences  wert 
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analyte  conc.ntr.t.ons  .Iso  listed  in  jm 

TaA,en«sent  information  on  the  listed  an 
.  lfPInd  Stass.um  wavelengths  are  w. 

not  irlillK  but  '*  h#S  beCn  rePfrted 
«•«£ 

“,9,™Ss  ,h.  » 

at  766  491  nm. 

ci  2  Physical  interferences  are  5. 

generally  considered  to  be  ejects  o 

associated  with  the  sample  nebutaa-  m 

tion  and  transport  processes  Such  s 

properties  as  change  m  viscosity  and  1 
surface  tension  can  cause  significant  si 
inaccuracies  especially  in  samples  1 

which  may  contain  high  dissolved  c 

solids  and/or  acid  concentrations  The  n 
use  of  a  peristaltic  pump  may  lessen  u 
these  interferences  If  these  types  of 
interferences  are  operative,  they  must 
be  reduced  by  dilution  of  the  sample 
and/or  utilization  of  standard  addition 
techniques  Another  problem  which 
can  occur  from  high  dissolved  solids 
is  salt  buildup  at  the  tip  of  the 
nebulizer  This  affects  aersol  flow-rate 
causing  instrumental  drift  Wetting 
the  argon  prior  to  nebulization,  the 
use  of  a  tip  washer,  or  sample  dilution 
have  been  used  to  control  this 
problem  Also,  it  has  been  reported 
that  better  control  of  the  argon  flow 
rate  improves  instrument 
performance  This  .s  accomplished 
with  the  use  of  mass  flow  controllers. 

5  ;  3  Chemical  Interferences  are 
characterized  by  molecular  compound 
formation,  ionization  effects  and 
solute  vaporization  effects  Norma  y 
these  effects  are  not  pronounced  with 
the  ICP  technique,  however,  if 
observed  they  can  be  minimized  by 
careful  selection  of  operating 
conditions  (that  is.  incident  power 
observation  position,  and  so  forth),  by 
buffering  of  the  sample,  by  matrix 
matching,  and  by  standard  addition 
procedures  These  types  of 
interferences  can  be  highly  dependent 
on  matrix  type  and  the  specific 
analyte  element. 

6.2  It  is  recommended  that 
whenever  a  new  or  unusual  sample 
matrix  is  encountered,  a  senes  oi 
tests  be  performed  prior  to  reporting 
concentration  data  for  analyte 
elements  These  tests,  as  outlined  in 

5.2  1  through  5  2  4.  will  ensure  the 
analyst  that  neither  positive  nor 
negative  interference  effects  are 
operative  on  any  of  the  analyte  el¬ 
ements  thereby  distorting  the 
accuracy  of  the  reported  values 

S.2. 1  Serial  dilution— H  the  analyte 
concentration  is  sufficiently  high  (min¬ 


imally  a  factor  of  1 0  above  the  instru- 
menta* detection  limit  after  dilution), 
preanalysis  of  a  dilution  should  agree 
within  5  %  of  the  original  determina- 

Sn  (or  within  some  acceptable  con- 

trot  limit  (14.3)  that  has  been  estab¬ 
lished  for  that  matrix)  If  not,  a 
chemical  or  physical  interference  ef¬ 
fect  should  be  sgspected 

g  2.2  Spike  addition — The  recovery 
of  a  spike  addition  added  at  a 
minimum  level  of  10X  the  in¬ 
strumental  detection  limit  (maximum 
100X)  to  the  original  determination 
should  be  recovered  to  within  90  to 
110  percent  or  within  the  established 
control  limit  for  that  matrix  If  not.  a 
matrix  effect  should  be  suspected  The 
use  of  a  standard  addition  analysis 
procedure  can  usually  compensate  for 
this  effect  Caution  The  standard  ad¬ 
dition  technique  does  not  detect  coin¬ 
cident  spectral  overlap  If  suspected, 
use  of  computerized  compensation,  an 
alternate  wavelength,  or  comparison 
with  an  alternate  method  is  recom¬ 
mended  (See  5  2  3) 

5.2.3  Comparison  with  alternate 
method  of  analysis— When  investi¬ 
gating  a  new  sample  matrix,  compari¬ 
son  tests  may  be  performed  with  other 
analytical  techniques  such  as  atomic 
absorption  spectrometry,  or  other 
approved  methodology. 


5.2.4  Wavelength  scanning  of 
analyte  One  region— if  the  appropriate 
equipment  is  available,  wavelength 
scanning  can  be  performed  to  detect 
potential  spectral  interferences 

6.  Apparatus 

6.1  Inductively  Coupled  Plasma- 
Atomic  Emission  Spectrometer. 

6  11  Computer  controlled  atomic 
emission  spectrometer  with  background 
correction. 

6.12  Radiofrequency  generator 

6  1.3  Argon  gas  supply,  welding 
grade  or  better. 


6  2  Operating  conditions  —  Because 
of  the  differences  between  various 
makes  and  models  of  satisfactory 
instruments,  no  detailed  operating 
instructions  can  be  provided  Insteaa. 
the  analyst  should  follow  the 
instructions  provided  by  the 
manufacturer  of  the  particular 
instrument  Sensitivity,  instrumental 
detection  limit,  precision,  linear  dy¬ 
namic  range,  and  interference  effects 
must  be  investigated  and  established 
for  each  individual  analyte  line  on  that 
particular  instrument.  It  is  the 
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responsibility  of  the  analyst  to  verify 
that  the  instrument  configuration  and 
operating  conditions  used  satisfy  the 
analytical  requirements  and  to 
maintain  quality  control  data 
confirming  instrument  performance 
end  enalytical  results. 

7.  Reagents  end  standards 

7  1  Acids  used  in  the  preparation 
of  standards  end  for  sample  processing 
must  be  ultra-high  purity  grade  or 
equivalent  Redistilled  acids  are 
acceptable. 

7.1.1  Acetic  acid.  cone,  (sp  gr  1  06) 

7.1.2  Hydrochloric  acid,  cone  (sp  gr 
1.19). 

7. 1 .3  Hydrochloric  acid.  (1*1)  Add 
500  mL  cone  HCI  (sp  gr  1 .19)  to  400 
mL  deionized,  distrilled  water  and 
dilute  to  1  liter. 

7.1.4  Nitric  acid,  cone  (sp  gr  1  41) 

7  1  S  Nitric  acidA  1*1):  Add  500  mL 
cone  HNOj  (Sp  gr  1  41 )  to  400  mL 
deionized  distilled  water  and  dilute  to 
1  liter. 

7  2  Dionized.  distilled  water:  Prepare 
by  passing  distilled  water  through  a 
mixed  bed  of  canon  and  anion  ex- 
change  resins  Use  deionized,  distilled 
water  for  the  preparation  of  all 
reagents,  calibration  standards  and  as 
dilution  water  The  purity  of  this  water 
must  be  equivalent  to  ASTM  Type  II 
reagent  water  of  Specification  D  1193 
(14  6) 

7.3  Standard  stock  solutions  may  be 
purchased  or  prepared  from  ultra  high 
purity  grade  chemicals  or  metals  ah 
salts  must  be  dried  for  1  h  at  105  C 
unless  otherwise  specified 
(CAUTION  Many  metal  salts  are  ex- 
Id  trernely  toxic  and  may  be  fatal  'f  svv®^ 
(owed  Wash  hands  thoroughly  after 
handling  )  Typical  stock  solution  pre¬ 
paration  procedures  follow 
7  3.1  Aluminum  solution,  stock.  1 
mL  =  100  ug  Al  Dissolve  0  100  g  of 

aluminum  metal  in  an  acid  mixture  of  4 

se  mL  of  (1*1)  HCI  and  1  mL  of  cone  HN03 
in  a  beaker  Warn  gently  to  effect 
solution  When  solution  is  complete 
transfer  quantitatively  to  a  liter  flash. 
i.  add  an  additional  10  mL  of  (1+1)  HCI 
and  dilute  to  1.000  mL  with  de.on.zed. 
distilled  water. 


7.3.2  Antimony  solution  stock  1  mL 
»  100  ua  Sb:  Dissolve  0  2669  g  K(SbO) 
C4H4O*  *n  deionized  distilled  water, 
add  10  mL  (VI)  HCI  and  d'lute 
to  1000  mL  with  deionized,  distitiea 
water. 
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7.3-3  Ars  nic  solution,  stock  1  mL  = 
100  ^  As  Dissolve  0  1320  g  As.-Oj 
in  100  mL  of  deionized,  testified  water 
containing  04  g  NaOH  Acidify  the 
solution  with  2  mL  cone  HNOs  end 
dilute  to  1 .000  mL  with  deionized, 
distilled  water. 

7.3.4  Barium  solution,  stock,  1  mL 
~  100  *<g  Ba  Dissolve  0  1516  g  BaClj 
(dried  at  250°C  for  2  hrs)  in  10  mL 
deionized,  distilled  water  with  1  mL 
(1  +  1)  HCI  Add  10  0  mL  (141)  HCI 

and  dilute  to  1.000  mL  with  deionized, 
distilled  water 

7.3.5  Beryllium  solution,  stock,  1 
mL  *  100  pg  Be  Do  not  dry  Dis¬ 
solve  1 .966  g  BeS0+  •  4  4H?0.  in 
deionized,  distilled  water,  add  10  0  mL 
cone  HNOs  and  dilute  to  1 .000  mL 
with  deionized,  distilled  water 

7.3.6  Boron  solution,  stock.  1  mL 
=  100  u5  B  Do  not  dry  Dissolve 

0  5716  g  anhydrous  HsBOs  in  deionized 
distilled  water  dilute  to  1 .000  mL 
Use  a  reagent  meeting  ACS  specifica¬ 
tions,  keep  the  bottle  tightly  stoppered 
and  store  in  a  desiccator  to  prevent 
the  entrance  of  atmospheric  moisture 

7.3.7  Cadmium  solution,  stock.  1 
mL  =  100  pg  Cd  Dissolve  0  1 142  g 
CdO  in  a  minimum  amount  of  (1’1) 
HNOs  Heat  to  increase  rate  of  dis¬ 
solution  Add  10  OmL  cone  HNO3 
and  dilute  to  1.000  mL  with  deionized 
distilled  water 

7  3  8  Calcium  solution,  stock  1  mL 
=  100  *<g  Ca  Suspend  0  2496  g 
CaCOj  dried  at  1B0aC  for  1  h  before 
weighing  in  deionized,  distilled  waier 
and  dissolve  cautiously  with  a  min¬ 
imum  amount  of  (1*1)  HNOs  Add 
10  OmL  cone  HNO3  and  dilute  to 
1.000  mL  with  deionized  distilled 
water 

7.3.9  Chromium  solution,  stock.  1 
mL  =  100  pg  Cr  Dissolve  0  1923 

g  cf  CrOj  in  deionized,  distilled 
water  When  solution  is  complete, 
acidify  with  10  mL  cone  HNO3  and 
dilute  to  1.000  mL  with  deionized, 
distilled  water 

7.3.10  Cobalt  solution,  stock,  y 
mL  *  100  pg  Co  Dissolve  0  1 000  g 
of  cobalt  metal  in  a  minimum  amount 
of  (1*1)  HNOs  Add  10  0  mL  (1  +  1)  HCI 
and  dilute  to  1 .000  mL  with  deionized 
distilled  water. 

7.3.  f  1  Copper  solution,  stock.  1 
n»L=  100  pi  Cu:  Dissolve  0  1252  g 
CuO  in  a  minimum  amount  of  (1*1) 
HNOs  Add  10.0  mL  cone  HNOs  and 
dilute  to  1 .000  mL  with  deionized, 
distilled  water. 


7.3. 12  Iron  solution,  sm  *.  1  mL 
=  100  i#g  Fe  Dissolve  0  1430  g 
Fer0s  in  a  warm  mixture  of  20  mL 
(1*1)  HCI  and  2  mL  of  cone  HNOs 
Cool,  add  an  additional  5  mL  of  cone 
HNOs  and  dilute  to  1000  mL  with 
deionized,  distilled  water 

7.3.13  Lead  solution,  stock.  1  mL 
s  100  pg  Pb  Dissolve  0  1599  g 
PbfNOib  m  minimum  amount  of 
(1*1)  HNOs  Add  10  OmL  cone  HN03 
and  dilute  to  1.000  mL  with  deionized, 
distilled  water 

7 .3.14  Magnesium  solution,  stock.  1 
mL  =  100  pg  Mg  Dissolve  0  1656  g 
MgO  »n  a  minimum  amount  of  (1*1) 
HNOs  Add  10  0  mL  cone  HNOs  and 
dilute  to  1 ,000  mL  with  deionized, 
distilled  water 

7.3  IS  Manganese  solution,  stock.  1 
mL  =  100*/gMn  Dissolve  0  1000  g 
of  manganese  metal  in  the  acid  mix¬ 
ture  10  mL  cone  HCI  and  1  mL  cone 
HNOs  and  dilute  to  1.000  mL  with 
deionized,  distilled  water 

7 .316  Molybdenum  solution,  stock. 

1  mL  =  100  pg  Mo  Dissolve  0  2043  g 
(NH,)?Mo04  in  deionized  distilled 
water  and  dilute  to  1 .000  mL 

7.3.17  Nickel  solution,  stock  1 
mL  =  100  pg  Nt  Dissolve  0  1000  g 
of  nickel  metal  m  10  mL  hot  cone 
HNOs.  cool  and  dilute  to  1.000  mL 
with  deionized,  distilled  water 

7.3.18  Potassium  solution,  stock,  y 
mL  =  lOOug  *  Dissolve  0  1907  g 
KCl  dried  at  1 10'C.  in  deionized, 
distilled  water  dilute  to  1,000  mL 

7 .3.19  Selenium  solution,  stock.  1 
mL  =  100  pg  Se  Do  not  dry  Dissolve 
0  1727  g  HjSeOs  (actual  assay  94  6°x>) 
in  deionized  distilled  water  and  dilute 
to  1 ,000  mL 

7.3.20  Sihca  solution  stock.  1  mL 
=  100  pg  SiO:  Do  not  dry  Dissolve 

0  4730  g  NajSiOs  •  9H?0  in  deionized, 
distilled  water  Add  10  0  mL  cone 
HNOs  and  dilute  to  1,000  mL  with 
deionized,  distilled  water 

7.3.21  Silver  solution,  stock.  1 
mL  =  100  pg  Ag  Dissolve  0  1575  g 
AgNOs  m  100  mL  of  deionized,  dis¬ 
tilled  water  and  10  mL  cone  HNOs 
Dilute  to  1 .000  mL  with  deionized, 
distilled  water 

7.3.22  Sodium  solution,  stock.  1 
mL  =  100  pg  Na  Dissolve  0.2542  g 
NaCl  in  deionized,  distilled  water 
Add  10  0  mL  cone  HNOs  and  dilute 
to  1 .000  mL  with  deionized,  distilled 
water 


7.3.23  Thallium  solution,  stock .  1  . 
mL  =  100  pg  Tl  Dissolve  0  1303  g 
TINOs  m  deionized,  distilled  water 
Add  10  0  mL  cone  HNOs  and  dilute 
to  1.000  mL  with  deionized,  distilled 
water 

7 .3.24  Vanadium  solution,  stock.  1 
mL  -  100  pg  V  Dissolve  0  2297 
NH4VO3  *n  a  minimum  amount  of 
cone  HNOs  Heat  to  increase  rate 
of  dissolution  Add  10  0  mL  cone 
HNOs  and  dilute  to  1 .000  mL  with 
deionized,  distilled  water 

7.3.25  Zinc  solution,  stock.  1  mL 
=  100  ug  Zn  Dissolve  0  1245  g  ZnO 
in  a  minimum  amount  of  dilute  HNOs 
Add  100  mL  cone  HNOs  and  dilute 
to  1.000  mL  with  deionized,  distilled 
water 

7.4  Mixed  calibration  standard  so 
lotions— P repare  mixed  calibration 
standard  solutions  by  combining  ap¬ 
propriate  volumes  of  the  stock  solu¬ 
tions  in  volumetric  flasks  (See  7  4  1 
thru  7  4  5)  Add  2  mL  of  (1*1) 

HCI  and  dilute  to  100  mL  with 
deionized  distilled  water  (See  Noies 
1  and  6  )  Prior  to  preparing  the  mixed 
standards,  each  stock  solution  should 
be  analyzed  separately  to  determine 
possible  spectral  interference  or  the 
presence  of  impurities  Care  should 
be  taken  when  preparing  the  mixed 
standards  that  the  elements  are  com¬ 
patible  and  stable  Transfer  the  mixed 
standard  solutions  to  a  FEP  fluoro¬ 
carbon  or  unused  polyethylene  bottle 
for  storage  Fresh  mixed  standards 
should  be  prepared  as  needed  with 
the  realization  that  concentration  can 
change  on  aging  Calibration  stand¬ 
ards  must  be  initially  verified  using 
a  quality  control  sample  and  moni¬ 
tored  weekly  for  stability  (See  7  6  3) 
Although  not  specifically  required 
some  typical  calibration  standard  com¬ 
binations  follow  when  using  those 
specific  wavelengths  listed  in  Table 
1 

7.4  1  Mixed  standard  solution  I— 
Manganese,  beryllium,  cadmium,  lead 
and  zinc 

7.4.2  Mixed  standard  solution  It— 
Barium,  copper,  iron,  vanadium,  and 
cobalt 

7.4.3  Mixed  standard  solution  III- 
Molybdenum,  silica,  arsenic,  and 
selenium 

7.4.4  Mixed  standard  solution  IV- 
Calcium.  sodium,  potassium  alumi¬ 
num.  chromium  and  nickel 
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7  4  5  Mixed  standard  solution  V- 
Antimony,  boron,  magnesium,  silver. 

and  thallium  .. 

NOTE  1  If  the  addition  of  silver  « 

to  the  recommended  acid  combination  M 
results  m  an  initial  precipitation,  ' 

add  1 5  mL  of  deionized  distilled  o 

water  and  vyarm  the  flask  until  the  •' 

solution  clears  Cool  and  dilute  to  100  s\ 
mL  with  deiomzed.  distilled  water  For  * 
this  acid  combination  the  silver  con- 
centration  should  be  limited  to  2  C 

mfl  /  L  Silver  under  these  conditions  ; 
is  stable  in  a  tap  water  matrix 
for  30  days  Higher  concentrations  p 

of  silver  require  additional  HCi  a 

7  5  Two  types  of  blanks  are  required  « 
for  the  analysis  The  calibration  blank  j 
(3  13)  is  used  in  establishing  the 
analytical  curve  while  the  reagent 
blank  (3  1 2)  is  used  to  correct  for 
possible  contamination  resulting  from 
varying  amounts  of  the  acids  used  in 
the  sample  processing 

7  5  1  The  calibration  blank  is  pre¬ 
pared  by  diluting  2  mL  of  (1*1)  HNOo 

and  10  mL  of  (1*D  HCI  to  100  mL  , 

with  deionized,  distilled  water  (See  ( 
Note  6  )  Prepare  a  sufficient  quantity 
to  be  used  to  flush  the  system  be¬ 
tween  standards  and  samples 

7  5  2  The  reagent  blank  must  con- 
conta.n  all  the  reagents  and  in  the 
same  volumes  as  used  m  the  pro¬ 
cessing  of  the  samples  The  reagent 
blank  must  be  earned  through  the 
complete  procedure  and  contain  the 
same  acid  concentration  in  the  final 
solution  as  the  sample  solution 
used  for  analysis 

7.6  In  addition  to  the  calibration 
standards,  an  instrument  check  stan¬ 
dard  (3  7).  an  interference  check 
sample  (3  8)  and  a  quality  control 
sample  (3  9)  are  also  required  for  the 
analyses 

7  6  1  The  instrument  check  standard 
is  prepared  by  the  analyst  by  com¬ 
bining  compatible  elements  at  a  con¬ 
centration  equivalent  to  the  midpoint 
of  their  respective  calibration  curves 

(See  12.1.1) 

7  6  2  The  interference  check  sample 
is  prepared  by  the  analyst  in  the 
following  manner  Select  a 
representative  sample  which  contains 
minimal  concentrations  of  the 
analytes  of  interest  by  known  „ 
centration  of  interfering  elements  that 
will  provide  an  adequate  test  of  the 
correction  factors  Spike  the  sampto 
with  the  elements  of  interest t  at  the 
approximate  concentration  of  either 
100  pg/L  or  5  times  the  estimated 


detection  limits  given  in  Table  1  (For 
effluent  samples  of  expected  high 
concentrations.  *P'ke  at  an 
appropriate  level )  If  the  type  of 
samples  analyzed  are  varied.  • 
synthetically  prepared  sample  may  be 
used  if  the  above  criteria  and  intent 
are  met  A  limited  supply  of  a 
synthetic  interference  check  sample 
will  be  available  from  the  Quality 
Assurance  Branch  of  EMSL- 
Cmcinnati  (See  12  1.2) 

7.6.3  The  quality  control  sample 
should  be  prepared  in  the  same  acid 
matrix  as  the  calibration  standards 
at  a  concentration  near  1  mg/l  and  in 
accordance  with  the  instructions 
provided  by  the  supplier.  The  Quality 
Assurance  Branch  of  EMSL-C.ncnnat. 
will  either  supply  a  quality  control 
sample  or  information  where  one  of 
equal  quality  can  be  procured  (See 
12.1.3) 

8.  Sample  handling  an 

preservation 


8.1  For  the  determination  of  trace  c 
elements,  contamination  and  loss  are  ( 
of  prime  concern  Dust  in  the  labora-  i 
tory  environment,  impurities  in 
reagents  and  impurities  on  laboratory  | 
apparatus  which  the  sample  contacts  ( 
are  all  sources  of  potential  c 

contamination.  Sample  containers  can  , 

introduce  either  positive  or  negative  f 
errors  in  the  measurement  of  trace  , 
elements  by  (a)  contributing  con-  , 

tam.nants  through  leaching  or  surface  , 
desorption  and  (b)  by  depleting  , 

concentrations  through  adsorption. 

Thus  the  collection  and  treatment  or 
the  sample  prior  to  analysis  requires 
particular  attention  Laboratory 
glassware  including  the  sample  bottle 
(whether  polyethylene,  polyproplyene 
or  FEP-fluorocarbon)  should  be 
thoroughly  washed  with  detergent 
and  tap  water;  rinsed  with  (1*1)  nitric 
acid,  tap  water,  (1*1 1  hydrochloric 
acid,  tap  and  finally  de.on.zed,  distilted 
water  in  that  order  (See  Notes  2  and 

NOTE  2  Chromic  acid  may  be  useful  to 
remove  organic  deposits  tromu9l,“. 
ware,  however,  the  analyst  should  be 
be  cautioned  that  the  glassware  must 
be  thoroughly  rinsed  with  water  to 
remove  the  last  traces  o«  chrormunv 
This  is  especially  important  if  chromium 
is  to  be  included  in  the 
scheme  A  commercial  product.  NOCH- 
t  ROMIX.  available  from  Goto*  labor¬ 
atories.  6  Van*  St.  New  York.  NY 
10013.  may  be  used  in 
chromic  acid.  Chomic  acid  should  not 
be  used  with  plastic  bottles. 

NOTE  3 ;  If  it  can  be  documented  through 
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an  active  analytical  quality  control 
program  using  spiked  samples  and  re¬ 
agent  blanks,  that  certain  steps  m  the 
Cleaning  procedure  are  not  required  for 
routine  samples,  those  steps  may  be 
eliminated  from  the  procedure. 

8  2  Before  collection  of  the  sample  a 
decision  must  be  made  as  to  the  type 
of  data  desired,  that  is  dissolved, 
suspended  or  total,  so  that  the  appro¬ 
priate  preservation  and  pretreatment 
steps  may  be  accomplished  Filtration, 
acid  preservation,  ate.,  are  to  be  per¬ 
formed  at  the  time  the  sample  a 
collected  or  as  soon  as  possible 
^hereafter. 

8.2. 1  For  the  determination  of  dis¬ 
solved  elements  the  sample  must  be 
filtered  through  a  045-pm  membrane 
filter  as  soon  as  practical  after  collec¬ 
tion  (Glass  or  plastic  filtering  appara¬ 
tus  are  recommended  to  avoid  pwsi- 
bie  contamination.)  Use  the  first  50- 
100  mL  to  rinse  the  filter  flask  Dis¬ 
card  this  ponton  and  collect  the 
required  volume  of  filtrate  Ac.d.fy  the 

filtrate  with  (U1)HN03  to  a  PH  0,  2 

or  less  Normally.  3  mL  of  (1  1)  »c,d 
per  liter  should  be  sufficient  to  pre¬ 
serve  the  sample. 


82  2  For  the  determination  of  sus¬ 
pended  elements  a  measured  volume 
of  unpreserved  sample  must  be  fil- 
tered  throuQh  a  0  45-//m  membrane 
filter  as  soon  as  practical  after 
collection  The  filter  plus  suspended 
material  should  be  transferred  to  a 
suitable  container  for  storage  and/or 
shipment.  No  preservative  is  required 

8  2.3  For  the  determination  of  total 
or  total  recoverable  elements,  the 
sample  is  acidified  with  ,U1)  HNOj 
to  pH  2  or  less  as  soon  as  possible, 
preferable  at  the  time  of  collection. 
The  sample  is  not  filtered  before 
processing 

9.  Sample  Preparation 

9.1  For  the  determinations  of  dis¬ 
solved  elements,  the  filtered, 
preserved  sample  may  often  be 
analyzed  as  received  The  acid  matrix 
and  concentration  of  the  sample  an 
calibration  standards  must  be  the 
same  (See  Note  6 )  If  a  precipitate 
formed  upon  acidification  of  the 
sample  or  during  transit  or  storage,  it 
must  be  redissolved  before  the 
analysis  by  adding  additional  acid 
and/or  by  heat  as  described  in  9.3 

9.2  For  the  determination  of  sus¬ 
pended  elements,  transfer  the  me  - 

brane  filter  containing  the  msoluWe 

material  to  a  ^SO-mL  Griffin  beekj 
i  and  add  4  mL  cone.  HNOj  Cover  the 
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beaker  with  a  watch  glass  and  he*' 
gently  The  warn  acid  will  soon  dis¬ 
solve  the  membrane 
Increase  the  temperature  of  the 
hot  plate  and  digest  the  material 
When  the  acid  has  nearly  evaporated, 
cool  the  beaker  and  watch  glass  and 
add  another  3  ml  of  cone  HNOa 
Cover  and  continue  heating  until  the 
digestion  is  complete,  generally  indi¬ 
cated  by  a  light  colored  digestate 
Evaporate  to  near  dryness  (2  mL).  cool, 
add  10  mL  HCI  (1*1)  and  15  mL 
deionized,  distilled  water  per  100  mL 
dilution  and  warm  the  beaker  gently 
for  15  min--to  dissolve  any  precipi¬ 
tated  or  residue  material  Allow  to 
cool,  wash  down  the  watch  glass  and 
beaker  walls  with  deionized  distilled 
water  and  filter  the  sample  to  remove 
insoluble  material  that  could  clog  the 
nebulizer  (See  Note  4.)  Adjust  the 
volume  based  on  the  expected  con¬ 
centrations  of  elements  present  This 
volume  will  vary  depending  on  the 
elements  to  be  determined  (See  Note 
6)  The  sample  is  now  ready  for 
analysis  Concentrations  so  determined 
shall  be  reported  as  "suspended  " 

NOTE  4  In  place  of  filtering  the 
sample  after  diluting  and  mixing  may 
be  centrifuged  or  allowed  to  settle  by 
gravity  overnight  to  remove  insoluble 
material 

9.3  For  the  determination  of  total 
elements  choose  a  measured  volume 
of  the  well  mixed  acid  preserved 
sample  appropriate  for  the  expected 
level  of  elements  and  transfer  to  a 
Griffin  beaker  (See  Note  5  )  Add  3  mL 
of  cone  HNOs  Place  the  beaker  on 
a  hot  plate  and  evaporate  to  near  dry¬ 
ness  cautiously,  making  certain  that 
the  sample  does  not  boil  and  that  no 
area  of  the  bottom  of  the  beaker  is 
allowed  to  go  dry.  Cool  the  beaker  and 
add  another  5  mL  portion  of  cone 
HNCh  Cover  the  beaker  with  a  watch 
glass  and  return  to  the  hot  plate 
Increase  the  temperature  of  the  hot 
plate  so  that  a  gentle  reflux  action 
occurs  Continue  heating,  adding  addi¬ 
tional  acid  as  necessary,  until  the 
digestion  is  complete  (generally  indi¬ 
cated  when  the  digestate  is  light 
in  color  or  does  not  change  in  appear¬ 
ance  with  continued  refluxing  )  Again, 
evaporate  to  near  dryness  and  cool 
the  beaker.  Add  10  mL  of  1+1  HCI 
and  15  mL  of  deionized,  distilled 
water  per  100  mL  of  final  solution 
and  warm  the  beaker  gently  for  15 
min.  to  dissolve  any  precipitate  or 
residue  resulting  from  evaporation. 
Allow  to  cool,  wash  down  the  beaker 
walls  and  watch  glass  with  deionized 
distilled  water  and  filter  the  sample  to 
remove  insoluble  material  that  could 


dog  the  nebulizer.  (See  Note  4  )  Adjust 
the  sample  to  a  predetermined  volume 
based  on  the  expected  concentrations 
of  elements  present  The  sample  is 
now  ready  for  analysts  (See  Note  6) 
Concentrations  so  determined  shall  be 
reported  as  "total " 

NOTE  5  If  low  determinations  of 
boron  are  critical,  quartz  glassware 
should  be  use 

NOTE  6  M  the  sample  analysis  solution 
has  a  different  acid  concentration 
from  that  given  in  9  4.  but  does  not 
introduce  a  physical  interference  or 
affect  the  analytical  result,  the  same 
calibration  standards  may  be  used 

9.4  For  the  determination  of  total 
recoverable  elements,  choose  a  mea¬ 
sured  volume  of  a  well  mixed,  acid 
preserved  sample  appropriate  for  the 
expected  level  of  elements  and  trans¬ 
fer  to  a  Griff  in  beaker  (See  Note  5  ) 

Add  2  mL  of  (1*1 1  HNOj  and  10  mL 
of  (1*1)  HCI  to  the  sample  and  heat 
on  a  steam  bath  or  hot  plate  until  the 
volume  has  been  reduced  to  near  25 
mL  making  certain  the  sample  does 
not  boil  After  this  treatment,  cool 
the  sample  and  filter  to  remove  inso¬ 
luble  material  that  could  clog  the 
nebulizer  (See  Note  4  )  Adjust  the 
volume  to  100  mL  and  mix  The  sample 
is  now  ready  for  analysis  Concentra¬ 
tions  so  determined  shall  be  reported 
as  "total  " 

10.  Procedure 

10.1  Set  up  instrument  with  proper 
operating  parameters  established  in 
6  2  The  instrument  must  be  allowed 
to  become  thermally  stable  before  be¬ 
ginning  This  usually  requires  at  least 
30  mm  of  operation  prior  to  calibra¬ 
tion 

10.2  Initiate  appropriate  operating 
configuration  of  computer. 

10.3  Profile  and  calibrate  instru¬ 
ment  according  to  instrument 
manufacturer’s  recommended 
procedures,  using  the  typical  mixed 
calibration  standard  solutions 
described  in  7.4.  Flush  the  system 
with  the  calibration  blank  (7.5*1 ) 
between  each  standard  (See  Note  7.) 
(The  use  of  the  average  intensity  of 
multiple  exposures  for  both 
standardization  and  sample  analysis 
has  been  found  to  reduce  random 
error.) 

NOTE  7:  For  boron  concentrations 
greater  than  600  */g/L  extended  flush 
times  ofl  to  2  min.  may  be  required. 

10.4  Before  beginning  the  sample 
•run.  reanalyze  the  highest  mixed 

calibration  standard  as  if  it  were  a 


sample  Concentration  values  obtained 
should  not  deviate  from  the  actual 
values  by  more  than  ±  5  percent 
(or  the  established  control  limns 
whichever  is  lower)  If  they  do  follow 
the  recommendations  of  the  instru¬ 
ment  manufacturer  to  correct  for  this 
condition 

10.5  Begin  the  cample  run  flushing 
the  system  with  the  calibration  blank 
solution  (7.5  1)  between  each  sample 
(See  Note  7.)  Analyze  the  instrument 
check  standard  (7.6  1)  and  the  calibra 
tion  blank  (7.5  1)  each  10  samples 

10  6  H  it  has  been  found  that 
method  of  standard  addition  are 
required,  the  following  procedure  is 
recommended 

tO. 6  1  The  standard  addition  tech¬ 
nique  (14  2)  involves  preparing  new 
Standards  in  the  sample  matrix  by 
eddmg  known  amounts  of  standard  to 
one  or  more  aliquots  of  the  processed 
sample  solution  This  technique  com¬ 
pensates  for  a  sample  constituent  that 
enhances  or  depresses  the  analyte 
signal  thus  producing  a  different  slope 
from  that  of  the  calibration  standards 
h  will  not  correct  for  addmve  inter¬ 
ference  which  causes  a  baseline  shift 
The  simplest  version  of  this  technique 
is  the  single-addition  method  The 
procedure  is  as  follows  Two  identical 
aliquots  of  the  sample  solution,  each 
of  volume  V..  are  taken  To  the 
first  (labeled  A)  is  added  a  small 
volume  V,  of  a  standard  analyte 
solution  of  concentration  c»  To  the 
second  (labeled  Bl  is  added  the  same 
volume  V,  of  the  solvent  The  analy¬ 
tical  signals  of  A  and  B  are  measured 
and  corrected  for  nonanalyte  signals 
The  unknown  sample  concentration 
c.  is  calculated 

c*  =  S»VsC$ 

(S*  -  Sa)  V, 

where  S*  and  S»  are  the  analytical 
signals  (corrected  for  the  blank)  of 
solutions  A  and  B.  respectively  Vs 
and  cs  should  be  chosen  so  that  Sa 
is  roughly  twice  S»  on  the  average  It 
is  best  if  V$  is  made  much  less  than 
V*.  and  thus  cs  is  much  greater  than 
Cx.  to  avoid  excess  dilution  of  the 
sample  matrix  If  a  separation  or 
concentration  step  is  used  the 
additions  are  best  made  first  and 
carried  through  the  entire  procedure 
For  the  results  from  this  technique  to 
be  valid,  the  following  limitations 
must  be  taken  into  consideration: 

1.  The  analytical  curve  must  be  linear 

2.  The  chemical  form  of  the  analyte 
added  must  respond  the  same  as  the 
analyte  in  the  sample. 


Cec.  IBS  2 


I4*ltts-2S 


3  The  interference  effect  must  be 
constant  over  the  working  t«"9e 

4° The  signal  must  be  corrected  for 
any  additive  interference 

1  1 .  Calculation 

SSSSSS^-S®*- 

Kids  to  complete  the  digestion. 

112  H  dilutions  were  performed 
appropriate  factor  must  be  applied 

to  sample  values 

1 1  3  Data  should  be  rounded  to  the 
thousandth  place  and  all  results 
should  be  reported  m  mg  l  up 
three  significant  figures 


12.  Quality  Control 

(Instrumental) 

12  1  Check  the  instrument 
standardization  by  analyzing 
appropriate  quality  control  check 
standards  as  follow 

12  11  Analyze  an  appropriate 
instrument  check  standard  (7  6  D 
containing  the  elements  of  interest  at 
a  frequency  of  10%  This  check 
standard  IS  used  to  determine 
instrument  drift  tf  agreement  is  not 
withm  =5%  of  the  expected  va  ues  or 
w'thm  the  established  control  «'m'ts_ 
whichever  .s  lower,  the  analys.s-s  out 

of  control  The  analysis  should  be 
terminated,  the  problem  corrected, 
and  the  instrument  f«ca,lbr*t*c  .,  5 
Analyze  the  calibration  blank  <7  b  D 
at  a  frequency  of  10%  The  result 
should  be  within  the  established 
control  limits  of  two  standard  devia¬ 
tions  of  the  mean  value  If  not.  repea 
the  analysis  two  more  times  and 
average  the  three  results  If  the 
average  .s  not  within  the  conuolhmit. 
terminate  the  analysis,  correct  the 
problem  and  recalibrate  the 
instrument 

12  12  To  verify  interelement  and 
background  correction  factors  analyze 
the  interference  check  sample  (7.6  2) 
at  the  beginning,  end.  and  at  pef'  1 
intervals  throughout  the  sample  run. 
Results  should  fall  within  the 
established  control  limits  of  1  5  times 
the  standard  deviation  of  the  mean 
value  If  not.  terminate  the 
correct  the  problem  and  recalibrate 
the  instrument 

12  1  -3  A  quality  control  sample 
•7  e  3)  obtained  from  an  outside 
source  must  first  be  used  for  the 
initial  verification  of  the  calibration 


standards  A  fresh  dilution  of  this 
sample  shall  be  anlayzed  every  week 
thereafter  to  monitor  their  stab' M ty  I 
the  results  are  not  within  ±5%  of  the 
true  value  listed  for  the  control 
sample,  prepare  a  new  calibration 
standard  and  recalibrate  the 
instrument  If  this  does  not  correct  the 
problem,  prepare  a  new  stock 
standard  and  a  new  calibration 
standard  and  repeat  the  calibration. 

Precision  end  Accurecy 

13  1  In  an  EPA  round  robin  phase  1 
study  seven  laboratories  applied  the 
ICP  technique  to  acid-distilled  water 
matrices  that  had  been  dosed  with 
various  metal  concentrates  Table  * 
lists  the  true  value,  the  mean  reported 
value  and  the  mean  %  relative 

standard. deviation. 
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Table  1  ■  Recommended  Wavelengths 
Detection  Limits 


and  Estimated  Instrumental 

Estimated  detection 


Element 

Aluminum 

Arsenic 

Antimony 

Barium 

Beryllium 

308215 

193  696 

206  833 

455  403 

313042 

45 

53 

32 

2 

03 

Boron 

Cadmium 

Calcium 

Chromium 

Cobalt 

249  773 

226  502 

317.933 

267  716 

228  616 

5 

4 

10 

7 

7 

Copper 

Iron 

Lead 

Magnesium 

Manganese 

324  754 

259  940 

220  353 

279  079 
257.610 

6 

7 
42 

30 

2 

8 
15 

see 3 
75 
58 

Molybdenum 

Nickel 

Potassium 

Selenium 

Silica  (S1O2) 

202  030 

231  604 

766  491 

196  026 

288  158 

Silver 

Sodium 

Thallium 

Vanadium 

Zinc 

328  068 

588  995 

190  864 

292  402 

213  856 

7 

29 

40 

B 

2 

'Th*  lA/avelenaths  listeo  are  recpnirnc"v<=u  **>.---*  -  —  - 

overall  acceptance  Other  wavelengths  may  be  substituted  if  they  can 

ZZS,, *'V"rfrr  "*  “me  c 

5."  «  ..  •'« 

LheT’EPA  600/4*79417  fhl?»r! given  as  a'&ridetofan  instrumental 
*iimit  The  actual  method  detection  limits  are  sample  dependent  and  may  vary 

'Highly  dependent  on  operating  conditions  and  plasma  position 
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Bartum 

Beryllium 

Boron 


455  403 
313  042 
249  773 


004  — 


_  0  32  - 


Cadmium 

Calcium 

Chromium 


226  502 
317  933 
267  716 


Cobalt 

Copper 

Iron 


228  616 
324  754 
259940 


008 

003 


003 

0.01 

0003 


001 


0005 

0003 


Lead 

Magnesium 

Manganese 

Molybdenum 

Nickel 

Selenium 


220  353 
279  079 
257  610 


202  030 
231  604 
196  026 


0  17 
0  005 
0  05 
0  23 


002 


Oil 

001 


0  13 
0  002 


0  03 
009 


S'hcon 

Sodium 

Thallium 


288  158 
588  995 
190  864 


007 


030  - 


Vanadium 

Zmc 


292  402 
213  856 


0  05  — 


0  005 


_  0  14  — 


z 

0  04 

0  05 

— 

— 

— - 

_ 

002 

— 

— 

004 

«- 

0  03 

003 

004 

— 

— 

004 

0  03 

0  15 

— 

— 

005 

0  02 

0  12 

— 

~~~ 

~ 

0  25 

__ 

007 

0  12 

— 

— 

__ 

— 

— 

_ 

— 

— 

— 

— 

— 

— 

•a— 

001 

— 

0  08 

— 

— 

— 

— 

- 

0  02 

— 

_ 

0.29 

— 

— 

Table  3  Interfered  and  Analyte  Elemental  Concen 
travons  Used  for  Interference  Measurements 
in  Table  2 


Analytes 

(mg  'Ll 

Interfere 

Al 

10 

At 

As 

10 

Ca 

B 

10 

Cr 

Ba 

1 

Cu 

Be 

1 

Fe 

Ca 

1 

Mg 

Cd 

10 

Mn 

Co 

1 

Ni 

Cr 

1 

Ti 

Cu 

1 

V 

fe 

1 

Mg 

1 

Mn 

1 

Mo 

10 

Na 

10 

Ni 

10 

Pb 

10 

Sb 

10 

Se 

10 

Si 

1 

Tl 

10 

V 

1 

Zn 

10 

(mg/ LI 

1000 

1000 

200 

200 

1000 

1000 

200 

200 

200 

200 
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Table  4.  ICP  Precision  and  Accuracy  Data 


Element 


Sample  *  1 

Mean 

Reported 

Value 

PS'L 


Mean 

Percent 

RSD 


Sample  *2 

Mean 

Reported 

Value 

P9/L 


Mean 

Percent 

RSD 


Sample  S3 

Mean 
Reported 
Value 
P9/L _ 


Mean 

Percent 

RSD 


Rot  all  elements  were  analyzed  by  all  laboratories 
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USATHAMA  CERTIFIED  METHOD  FOR  CAL 


METALS  IK  SOIL  AND  SOLID  SAMPLES 
BY  INDUCTIVELY  COUPLED  ARGON  PLASMA  SPECTROSCOPY 


1. 


APPLICATION 

This  method  Is  applicable  to  the  analysis  of  the  following  elements 
In  soils  «nd  solid  samples: 


Element 

Chenl cal  Symbol 

Cadmium 

Cd 

Chr  ociur 

Cr 

Copper 

Cu 

Lead 

Pb 

Boron 

B 

Arsenic 

As 

Aluminum 

A1 

line 

In 

TESTED  CONCENTRATION  RANGES 

The  tested  concentration 

ranges  in  standard  soil  are: 

Tested  Spike 

Analyte 

Concentration  Range  (ppm) 

Cadmium 

2.5  to  500 

Chromium 

2.5  to  500 

Copper 

2.5  to  500 

Lead 

2.5  to  500 

Boron 

2.5  to  500 

Arsenic 

iff  ys  to  5000 

Aluminum 

2.5  to  500 

Zinc 

2.5  to  500 

B.  SENSITIVITY 

The  sensitivity  of  a  spectral  line  is  a  aeasure  of  the  rate  of 
change  of  emission  Intensity  vith  concentration  of  analyte. 
Listed  below  are  the  Intensities,  expressed  as  counts,  for  the 


analytes  at  their  detection  limits: 


Element 

Cd 

Cr 

Cu 

Pb 

B 

As 

A1 

In 


Intensity  (counts) 

(To  be  completed  during 
certification.) 


1 


c. 


pETECTI on  limits 

The  detection  li*it#  in 
Hubeux  and  Vo*.  are: 


Analyte 

Cd 

Cr 

Cu 

Pb 

B 

As 

A1 

Zn 


.tandard  toil,  calculated  according  to 


Concentration 

!H - 

(To  be  eoopleted 
during  certification) 


ircJly  defined,  an  Interference  It  any  rented  radiation  th.t 
reaches  the  photomultiplier  tubes.  It  can  aria,  from  background 
continuum  or  as  true  apectral  Interferences.  Sources  of 
background  continuum  are  black-body  radiation,  bremsstrahlung 
radiation,  and  recombination  phenomena.  These  are  compensated 
for  by  -spectrum  shifting,-  i.e..  measuring  emission  Intensity 
on  both  aide,  of  each  analytical  line.  The  ...rage  radiation 
detected  -off-center"  is  subtracted  from  the  Intensity 
measurement  taken  at  the  analytical  line.  Spectral 
Interferences  occur  uhen  the  wavelength  separation  of  the 
emission  lines  Is  less  than  the  spectral  bandpass  of  the 
detector.  By  determining  the  ratio  of  affecting  element  to 
affected  element,  the  computer  la  programmed  to  compensate  for 
the  unwanted  radiation.  Iron,  for  example,  will  give  rise  to  a 
false  signal  for  cadmium,  as  will  aluminum  and  calcium  for 
lead.  These  correction,  are  relatively  ...H  compared  with 

the  Interference  due  to  unwanted  background.  «o  "ajor 
interferences  were  encountered  during  documentation  of  this 

method. 


2 


E.  ANALYSIS  RATE 

After  instrument  calibration,  one  analyst  can  analyte 
approximately  50  aanples  In  an  6-hour  day.  Approximately  20 
espies  can  be  digested  In  an  8-hour  day  by  one  technician. 


2.  CHEMISTRY 

A,  Alternate  nonenclature  and  Cher.ical  Abstract  Service  (CAS) 
registry  number. 

Alternate 

Analyte  Nonenclature 

Cd 
Cr 

Cu  — 

Pb 
B 

As  — 

A1 

Zn  — 


B.  PHYSICAL  AND  CHEMICAL  PROPERTIES  OF  ANALYTES 


CAS 

Registry  Number 

(To  be  completed 
during  certification.) 


An  al  yt  e 

Cd 

Cr 

Cu 

Pb 

B 

As 

Al 

Zn 


Melting  Boiling 

Point  Point  Density 

CC)  CC)  (g /ml  at  20eC) 

(To  be  completed  during  certification.) 


C.  CHEMICAL  REACTIONS 
Hone. 
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3.  APPARATUS 


A.  INSTRUMENTATION 

Perkln-Elner  1CP  6500  sequential  Inductively  coupled  ergon 
plasma  emission  spectrometer  equipped  with  software  for 
background  correction  and  lnter-elenent  correction. 

B.  INSTRUMENT  OPERATING  PARAMETERS 

The  Instrument  settings  are  as  follows: 

Incident  RF  power  l.B  Kilowatts  (KU) 

Observation  height 
Sample  argon  flow  rate 
Coolant  argon  flow  rate 

C.  HARDWARE ! GLAS SVARE 

1.  Pyr ex*  Phillips  beakers,  125  mL,  with  watch  glasses. 

2.  Rot  plate. 

3.  (bcford  macro-pipetter  (with  disposable  tips). 

4.  Disposable  beakers  (10-mL  capacity). 

5.  Gelman  42-mn  glass-fiber  filter  pads. 

6.  Volumetric  Flssks,  1000  mL,  50  mL. 

D.  CHEMICALS  AND  REAGENTS 

1.  Reagent-grade  concentrated  nitric  acid  (HKO^)  and 
hydrochloric  add  (HC1). 

2.  1,000-ppa  Reference  Standard  Solutions. 

4.  STANDARDS 

A.  CALIBRATION  STANDARDS  (to  calibrate  instrument  only) 

1.  Obtain  the  1000-ppm  reference  standard  solution  for  each 
aetal. 

2.  Prepare  the  dilute  *ulti-el«ent  stock  calibration  standard 
(Standard  C-l)  by  pipetting  10  mL  of  each  reference 
standard  solution  (100  mL  of  the  arsenic  solution)  into  s 

1 ,000-mL  volumetric  flask  and  diluting  to  volume  with  1.01 
(volume /volume)  nitric  add. 
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3.  Subsequent  calibration  standards  are  prepared  according  to 
the  following  table.  Dilutions  are  Bade  with  IX  nitric 
add.  Calibration  standard  C-l  ia  also  shown  for 
cospleteness. 


Volume 

Final 

Final 

Concentration 

Final 

Concentration 

Calibration 

(ml) 

Volume 

(ug/aL)  for 

(ig/al)  for 

Standard 

of  C-l 

(rl) 

Arsenic 

Other  Metals 

C-l 

— 

— 

100 

10 

C-2 

20 

100 

20 

2 

C-3 

10 

100 

10 

1 

C-4 

5 

100 

5 

0.5 

C-5 

2 

100 

2 

0.2 

C-6 

1 

100 

1 

0.1 

C-7 

0.5 

100 

0.5 

0.05 

C-8  (Blank) 

0 

100 

0 

0 

4.  Initial  calibration  is  accocplished  using  all  eight 
calibration  standards. 

5.  Dally  calibration  Is  accoopliehed  using  C-l,  C-2,  C-4,  C-7, 
and  C-8. 


B.  CONTROL  SPIKES 

1.  The  recovery  of  each  metal  Bust  be  tested  thrcwgh  the 
conplete  sample  workup,  which  includes  the  digestion.  To 
facilitate  this  process,  two  Bultl-metal  diking  spike 
solutions  are  prepared.  These  solutions  are  prepared  froc 
the  1000-ppc  reference  standard  solutions  of  each  aetal. 
Solution  A  is  prepared  by  pipetting  50  bL  of  the  1000-ppr; 
reference  standard  solution  of  each  aetal  (500  bL  of  the 
arsenic  solution)  Into  a  1000  bL  volumetric  flask  and 
diluting  to  volume.  Solution  B  is  prepared  by  pipetting 
100  bL  of  Solution  A  into  a  1000  bI  volumetric  flask  and 
diluting  to  volume.  Dilutions  are  asde  using  IT  nitric 
acid. 

2.  Spike  the  following  mounts  of  the  working  spike  solution 
into  1  gras  of  standard  soil.  All  of  the  spiked  staples 
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•re  prepared  at  once  by  the  simple  voluoe  additions  shown 
in  the  following  table. 


Spike 

t#vel 

Volune  of 
Working  Spike 
Solution  (ml) 

Amount  of 
Arsenic 
Spiked  (ug) 

Amount  of 
Other  Metals 
Spiked  (ug) 

Pinal  Volune 
After  Digestion 

el 

0 

0 

0 

0 

50.0 

0.5x 

0.5  (B) 

25 

2.5 

50.0 

lx 

i.o(b) 

50 

5.0 

50.0 

2x 

2.0(B) 

100 

10.0 

50.0 

5x 

5.0(B) 

250 

25.0 

50.0 

1  Ox 

10.0(1) 

500 

50 

50.0 

2  Ox 

2.0  (A) 

1000 

100 

50.0 

50x 

5.0  (A) 

2500 

250 

50.0 

lOOx 

10.0  (A) 

5000 

500 

50.0 

3.  The  resultant  apecific  concentration  levels  for  each  aetal 
are  as  follows: 


Control  Spike  Concentration  Levels  (ug^g) 


An  a 1 yt e 

0.5x 

Jx 

2x 

5x 

lOx 

2  Ox 

50x 

lOOx 

Cd 

2.5 

5 

10 

25 

50 

100 

250 

500 

Cr 

2.5 

5 

10 

25 

50 

100 

250 

500 

Cu 

2.5 

5 

10 

25 

50 

100 

250 

500 

Pb 

2.5 

5 

10 

25 

50 

100 

250 

500 

B 

2.5 

5 

10 

25 

50 

100 

250 

500 

As 

25 

50 

100 

250 

500 

1000 

2500 

5000 

A1 

2.5 

5 

10 

25 

50 

100 

250 

500 

Zn 

2.5 

5 

10 

25 

50 

100 

250 

500 

4.  Analyte  a  conplete  aet  of  spiked  aanples,  including  a 
blank ,  for  certification. 

5.  Analyte  a  aet  of  three  f piked  s«iples  (2x,  5x  and  lOx)  and 
a  blank  with  each  lot  for  quality  control. 


3.  PR  PCI  PURS 

A.  SAMPLE  PREPARATION 

1.  Weigh  1,0-grn  noil  a*plea  and  quantitatively  transfer  to 
100-nL  beaker  a. 
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2.  Add  3.0  mL  of  concentrated  nitric  ecld;  cover  the  beakers 
with  watch  glasses,  place  on  a  hot  plate,  evaporate  to  near 
dryness,  end  cool. 

3.  Repeat  Step  2  until  the  digestion  is  complete. 

4.  Add  2.0  mL  of  1+1  HNO3  end  2.0  ml  of  1+1  BC1  to  the 
residue,  end  heat  until  the  residue  dissolves. 

5.  Wash  down  the  sides  of  the  beakers  end  the  watch  glass 
covers  with  deionized  water. 

6.  Filter  the  samples  through  nitric-acid-vashed  Celaan  42-mm 
glaBs-fiber  filter  pads. 

7.  Dilute  each  smaple  to  a  final  volume  of  50.0  ml  vi:h 
deionized  water. 

B.  CALIBRATION  AND  ANALYSTS 

Perform  the  procedures  for  simultaneous  analysis  described  n 
the  manufacturer's  operator's  manual. 

6.  CALCULATIONS 

A.  The  spectrometer  provides  direct  readout  of  solution 
concentrations. 

B.  Determine  the  concentration  of  metal  in  soil/sediment  matrix  (or. 
a  dry-weight  basis)  according  to  the  following  formula: 

ug/L  metal  x 

Concentration  (ug/g)  ■  - 2 - 

d 

where:  W^  »  dry  weight  of  sample  in  extract  (in  grams) 

Ve  ■  volume  of  extract  (in  liters) 

7.  REFERENCES 

Federal  Register.  Vol.  44,  No  233,  Monday,  December  3,  1979. 
Inductively  Coupled  Plasma  (ICP)  Optical  Emission  Spectrometric 
Method  for  Trace  Element  Analysis  of  Water  and  Wates. 

8.  DATA 
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SECTION  G 


ANALYSIS  OF  ARSENIC  IN  SOILS  BY  ATOMIC  ABSORPTION, 
FURNACE  TECHNIQUE:  USATHAMA  CERTIFIED  METHOD  B 9  FOR  UBTL 
AND  USATHAMA  CERTIFIED  METHOD  G9  FOR  CAL 

DEVELOPED  FROM 

EPA  METHOD  7060,  SW-846,  2ND  ED,  JULY  1982 


USATHAMA  CERTIFIED  METHOD  B 9  FOR  UBTL 


UBTL  Method  _ B9 


USATHAMA  CERTIFIED  METHOD 
Analysis  of  Arsenic  in  Soils  and  Solids  by 
Graphite-Furnace  Atomic  Absorption  Spectroscopy  (GF-AA) 


X.  Application :  This  method  is  applicable  to  the  quantitative 

determination  of  arsenic  (As)  in  soils  and  solid  samples. 

A.  Tested  Concentration  Range:  2.5  pg/g  to  50  Ug/g*  (The  observed 
background  level  in  standard  soil  is  3.6  Ug/g)* 

g.  Sensitivity:  45  milliabsorbance  units  at  detection  limit  of 

2.5  yg/g. 

C.  Dectection  Limit:  2.5  yg/g.  (Certified  range:  2.5  yg/g-50  yg/g) 

D.  Interferences:  Elemental  arsenic  and  many  of  its  compounds  are 
volatile  and  therefore  samples  may  be  subject  to  losses  of 
arsenic  during  sample  preparation.  Spike  samples  and  relevant 
standard  reference  materials  should  be  processed  to  determine  If 
the  chosen  dissolution  method  is  appropriate. 

Likewise,  caution  must  be  employed  during  the  selection  of 
temperature  and  times  for  the  dry  and  char  (ash)  cycles.  A 
nickel  nitrate  solution  must  be  added  to  all  digests  prior  to 
analysis  to  minimize  volatilization  losses  during  drying  and 
ashing. 

In  addition  to  the  normal  interferences  experienced  during 
graphite  furnace  analysis,  arsenic  analysis  can  suffer  from 
severe  nonspecific  absorption  and  light  scattering  caused  by 
matrix  components  during  atomization.  Arsenic  analysis  is 
particularly  susceptible  to  these  problems  because  of  its  low 
analytical  wavelength  (197.2  nm).  Simultaneous  background 
correction  must  be  mployed  to  avoid  erroneously  high  results. 

If  the  analyte  is  not  completely  volatilized  and  removed  from 
the  furnace  during  atomization,  memory  effects  will  occur.  I 
this  situation  Is  detected  by  means  of  blank  burns,  the  tu  e 
should  be  cleaned  by  operating  the  furnace  at  full  power  at 
regular  intervals  In  the  analytical  scheme. 

E.  Analysis  Rate:  One  analyst  can  prepare  20  samples  in  an  eight 
hour  day  and  analyze  them  during  the  following  8  hour  day. 


II.  Chemistry 

A.  Alternate  Nomenclature  and  Chemical  Abstracts  Register 
Number :  7440-38-2 
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B.  Physical/ Chemical  Properties: 

atomic  weight  *  74.92 

mp  =  81 8° C  (36  mm) 

bp  =  N/A 

C.  Chemical  Reactions:  N/A 


III.  Apparatus 

A.  Instrumentation:  Perkin  Elmer  Model  5000  Atomic  Absorption 
Spectrophotometer  equipped  with  a  Model  HGA-500  graphite 
furnace/ autosampler  accessory.  Pyrolytic-coated  graphite  tubes 
with  L’vov  platforms  are  used. 

B.  Parameters : 

1.  Wavelength:  197.2  ran  (bandwidth  0.7  nm ,  low). 

2.  Lamp  and  Current :  HCL,  18  ma. 

3.  Graphite  Furnace:  (See  attached  sheet  for  exact  furnace 
settings). 

a.  Drying  cycle,  55  sec.  programmed  from  90°C  to  110°C 

b.  Ashing  cycle,  30  sec.  ramp  from  110°C  to  1200°C 

c.  Atomizing  cycle,  5  sec.  at  2500°C 

4.  Background  Correction:  Continuous  deuterium  arc. 

C.  Hardware/ Glassware : 

1.  125  mL  Phillips  beakers. 

2.  Watch  glasses. 

3.  Thermometer  (0°  -  200°C). 

4.  100  mL  volumetric  flasks,  volumetric  pipettes,  (various 
volumes  as  required)  and  Eppendorf  pipettes  (various 
volumes  as  required). 

5.  Hot  plate  and  water  bath. 

D.  Chemicals : 

1.  Nitric  acid,  cone.,  Baker  Instra-analyzed  or  equivalent. 

2.  Hydrogen  peroxide,  30%,  reagent  grade. 
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3.  ASIM  Type  II  water  (water  must  be  monitored  for  As). 

4.  Arsenic  SARM  stock  solution  (1000  yg  As  per  mL). 

5.  Nickel  nitrate  hexahydrate,  reagent  grade. 

E.  Reagents ; 

1.  Nitric  acid  1:1  (v  :v)  ,  by  dilution  of  D-l  above. 

2.  0.1%  Nickel  modifier  solution  prepared  by  dissolving 
0.4956  g  of  nickel  nitrate  hexahydrate  in  100  mL  of  water 

3.  Nitric  acid  2%  (v:v),  by  dilution  of  D-l  above. 


IV.  Standards 

A  Working  Standard  Solution:  Dilute  2.0  mL  of  cone,  nitric  acid 
and  1.00  mL  of  the  1000  yg/mL  arsenic  stock  solution  with  water 
in  a  100  mL  volumetric  flask;  this  is  the  working  standard 
(10  yg/mL). 


B. 


Calibration  Standards:  From  the  working  standard  solution, 
prepare  calibration  standards  by  adding  the  indicated  volumes 
100  mL  volumetric  flasks  and  diluting  to  volume  with  2%  nitric 

acid. 


to 


Standard 

A 

B 

C 

D 

E 

F 

G 

H 


Volume  (mL)  of 
10  yg/mL  Arsenic 
Working  Standard 

0 

0.25 

0.50 

1.00 

1.50 
2.00 

2.50 
3.00 


Final  Concentration 
of  Arsenic  Standard  Solution 

0 

0.025 

0.050 

0.100 

0.150 

0.200 

0.250 

0.300 


c. 


Use  20  yL  of  each  standard  solution  combined  with  20  yL  of 
modifier  to  generate  a  standard  curve.  The  correlation 
coefficient  of  the  linear  regression  fit  must  be  0.995  or 

greater. 


Pfintml  and  Certification  Spikes:  Prepare  the  following  spiked 
samples  using  1.0  g  portions  of  standard  soil  and  the  working 
standard  (10  yg/mL).  Analyze  these  samples  as  described  in 
Part  V  below.  Note  that  most  of  the  digests  will  require 
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dilution  prior  to  GF/AA  determination.  Certification  and 
control  samples  are  allowed  to  stand  for  at  least  one  hour  after 
spiking  before  proceeding  with  the  analysis. 


Designation 
"Method  Blank" 
0.5x 
lx 
2x 
5x 
lOx 


Volume  (mL)  of 
10.0  (pg/mL) 
Standard  Added 

0.0 

0.25 

0.50 

1.0 

2.5 

5.0 


Pg/g  added 
to  Soil 

0.0 

2.5 

5.0 

10.0 

25 

50 


Pg/mL  in 
100  mL  Digest 

0.0 

0.025 

0.05 

0.10 

0.25 

0.50 


(x  =  5  pg/g) 

Daily  quality  control  requires  the  use  of  only  the  "Method  Blank," 
two  control  spikes  at  the  25  pg/g  level  and  one  control  spike  at  the 

10  pg/g  level. 


V.  Procedures : 


A. 


Mix  the  sample  thoroughly  to  achieve  homogeneity.  For  each 
digestion  procedure,  weigh  and  transfer  to  a  125  mL  Phill  ps 
beaker  a  1.0  g  portion  (to  the  nearest  0.01  g)  of  sample. 


B.  Add  10  mL  of  1:1  nitric  acid,  mix  the  slurry,  and  cover  wit  a 
watch  glass.  Heat  the  sample  to  95°C  for  10  minutes  without 
boiling.  Allow  the  sample  to  cool,  add  5  mL  of  cone,  nitric 
acid,  replace  the  watch  glass,  and  reflux  for  30  minutes.  Ho 
not  allow  the  volume  to  be  reduced  to  less  than  5  mL  while 
maintaining  a  covering  of  solution  over  the  bottom  of  the 
beaker. 


C.  After  the  second  reflux  step  has  been  completed  and  the  sample 
has  cooled,  add  2  mL  of  Type  II  water  and  3  mL  of  30%  hydrogen 
peroxide  (Ho0,).  Return  the  beaker  to  the  hot  plate  for  warming 
to  start  the  peroxide  reaction.  Care  must  be  taken  to  ensure 
that  losses  do  not  occur  due  to  excessively  vigorous 
effervescence.  Heat  until  effervescence  subsides  and  cool  the 

beaker. 

D.  Continue  to  add  30%  H-O,  in  1  mL  aliquots  with  warming  until  the 
effervescence  is  minimal  or  until  the  general  sample  appearance 
is  unchanged.  (Note:  Do  not  add  more  than  a  total  of  10  mL  30% 
HO,.)  Remove  the  watch  glass  and  continue  heating  the  acid 
peroxide  digest  until  the  volume  has  been  reduced  to 
approximately  2  mL,  add  10  mL  of  Type  II  water,  and  warm  the 
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mixture.  After  cooling,  filter  through  Whatman  No.  42  filter 
paper  and  dilute  to  100  mL  with  Type  II  water.  The  diluted 
digest  solution  contains  approximately  2%  (v  :v)  nitric  acid. 

E.  Autosampler  cuvettes  are  filled  with  about  2  mL  of  the  final 
digests.  The  autosampler  is  programmed  to  combine  20  vL  of 
sample  digest  and  20  yL  of  modifier.  Responses  are  compared  to 
the  linear  standard  curve.  Analyze  the  0.150  yg/mL  arsenic 
standard  after  every  10  samples.  If  this  standard  exceeds  the  _ 
10%  continuing  calibration  check  criteria  (i.e.,  the  resul 
Outside  the  of 135  to  0.165  yg/mL  range),  then  the  AA  must  be 
recalibrated  and  the  previous  set  of  10  samples  must  be  rerun. 

During  routine  analysis,  a  set  of  five  calibration  standards 
(ABDFS  H)  are  analyzed  at  the  beginning  of  the  run  and  at 
the  end  of  the  run.  The  two  sets  of  calibration  data  are 
combined  to  make  the  calibration  plot  for  the  samples  in  the 
run.  All  samples  are  analyzed  twice  and  the  average  of  the  two 
runs  is  reported  as  the  result. 

If  any  sample  responses  exceed  that  of  the  highest  calibration 
standard  (0.300  yg/mL),  aliquots  of  the  digests  are  diluted  wi 
2%  nitric  acid  and  reanalyzed. 

VI.  Calculations 

(yg/mT  cone,  found) (100  mL)(dilution  factor) — 
yg  As/g  soil  sample  *=  6  (g  sample  analyzed) 

The  results  are  corrected  for  recovery  and  reported  on  a  dry  weight 
basis. 

VTT.  References:  Method  3050  from  SW-846,  "Test  Methods  for  Evaluating 
Solid  Waste,"  USEPA,  July  1982. 
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METHOD  3050 


ACID  DIGESTION  OF  SLUDGES 


1.0  Scope  and  Application 

--1.1  Method  3050  is  an  acid  digestion  procedure  used  to  prepare  sludge- 
type  and  soil  samples  for  analysis  by  flame  or  furnace  atomic  absorption 
spectroscopy  (AAS)  or  by  inductively  coupled  argon  plasma  spectroscopy  (ICP). 
Samples  prepared  by  Method  3050  may  be  analyzed  by  AAS  or  ICP  for  the 
following  metals: 

Antimony 
Arsenic 
Barium 
Beryllium 
Cadmium 
Chromi um 
Copper 

1.2  Method  3050  may  also  be  applicable  to  the  analysis  of  other  metals 
in  sludge-type  samples.  However,  prior  to  using  this  method  for  other 
metals,  it  must  be  evaluated  using  the  specific  metal  and  matrix. 


Lead 

Nickel 

Selenium 

Silver 

Thallium 

Zinc 


2.0  Summary  of  Method 

2.1  A  dried  and  pulverized  sample  is  digested  in  nitric  acid 
and  hydrogen  peroxide.  The  digestate  is  then  refluxed  with  either  nitric 
acid  or  hydrochloric  acid.  Hydrochloric  acid  is  used  as  the  final  reflux 
acid  for  the  furnace  analysis  of  Sb  or  the  flame  analysis  of  Sb,  Be,  Cd,  Cr, 
Cu,  Pb,  Ni,  and  Zn.  Nitric  acid  is  employed  as  the  final  reflux  acid  for 
the  furnace  analysis  of  As,  Be,  Cd,  Cr,  Cu,  Pb,  Ni,  Se,  Ag,  Tl,  and  Zn  or  the 
flame  analysis  of  Ag  and  Tl. 


3.0  Interferences 

3.1  Sludge  samples  can  contain  diverse  matrix  types,  each  of  which  may 
present  its  own  analytical  challenge.  Spiked  samples  and  any  relevant 
standard  reference  material  should  be  processed  to  aid  in  determining  whether 
Method  3050  is  applicable  to  a  given  waste.  Nondestructive  techniques  such  as 
neutron  activation  analysis  may  also  be  helpful  in  evaluating  the  applicabil¬ 
ity  of  this  digestion  method. 


4.0  Apparatus  and  Materials 

4.1  125-ml  conical  Phillips'  beakers. 

4.2  Watch  glasses. 
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4.3  Drying  ovens  that  can  be  maintained  at  30*  C. 

4.4  Thermometer  that  covers  range  of  0’  to  200*  C. 

4.5  Whatman  No.  42  filter  paper  or  equivalent. 


5.0  Reagents 

5.1  ASTM  Type  II  water  (ASTM  D1193):  Water  should  be  monitored 
for  impurities. 

5.2  Concentrated  nitric  acid:  Acid  should  be  analyzed  to  determine 
level  of  impurities.  If  impurities  are  detected,  all  analyses  should  be 
blank  corrected. 

5.3  Concentrated  hydrochloric  acid:  Acid  should  be  analyzed  to  deter¬ 
mine  level  of  impurities.  If  impurities  are  detected,  all  analyses  should  be 
blank  corrected. 

5.4  Hydrogen  peroxide  (30%) :  Oxidant  should  be  analyzed  to  determine 
level  of  impurities.  If  impurities  are  detected,  all  analyses  should  be 
blank  corrected. 


6.0  Sample  Collection,  Preservation,  and  Handling 

6.1  All  samples  must  have  been  collected  using  a  sampling  plan  that 
addresses  the  considerations  discussed  in  Section  One  of  this  manual. 

6.2  All  sample  containers  must  be  prewashed  with  detergents,  acids, 
and  distilled  deionized  water.  Plastic  and  glass  containers  are  both 
suitable. 


6.3  Nonaqueous  samples  shall  be  refrigerated  when  possible,  and 
analyzed  as  soon  as  possible. 


7.0  Procedure 

7.1  Weigh  and  transfer  to  a  250-ml  conical  Phillips'  beaker  a  1-0-g 
portion  of  sample  which  has  been  dried  at  60*  C,  pulverized,  and  thoroughly 

mixed. 


7.2  Add  10  ml 
with  a  watch  glass. 


of  1:1  nitric  acid  (HN03),  mix  the  slurry,  and  cover 
wun  O  wa irv.11  Heat  the  sample  at  95*  C  and  reflux  for  10  min.  Allow 

the  sample  to  cool ,  add  5  ml  of  cone.  HN03,  replace  the  watch  glass,  and 
reflux  for  30  min.  Do  not  allow  the  volume  to  be  reduced  to  less  than  5  ml 
while  maintaining  a  covering  of  solution  over  the  bottom  of  the  beaker. 
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7  3  After  the  second  reflux  step  has  been  completed  and  the  sample 
has  cooled  add  2  ml  of  Type  II  water  and  3  ml  of  30%  hydrogen  peroxide  (H^). 
Return  the’beaker  to  the  hot  plate  for  warming  to  start  the  peroxide  reaction. 
Care  must  be  taken  to  ensure  that  losses  do  not  occur  due  to  excessively 
vigorous  effervescence.  Heat  until  effervescence  subsides,  and  cool  the 

beaker. 


7.4  Continue  to  add  30%  H2O2  in  1-ml  aliquots  with  warming  until  the 
effervescence  is  minimal  or  until  the  general  sample  appearance  is  unchanged. 
(NOTE:  Do  not  add  more  than  a  total  of  10  ml  30%  H2O2.) 


7.5  If  the  sample  is  being  prepared  for  the  furnace  analysis  of  Ag  and 
Sb  or  direct  aspiration  analysis  of  Ag,  Sb,  Be,  Cd,  Cr,  Cu,  Pb,  Ni ,  Tl,  and 
Zn,  add  5  ml  of  1:1  HC1  and  10  ml  of  Type  II  water,  return  the  covered  beaker 
to*the  hot  plate,  and  heat  for  an  additional  10  min.  After  cooling,  filter 
through  Whatman  No.  42  filter  paper  (or  equivalent)  and  dilute  to  100  ml  with 
Type  II  water  (or  centrifuge  the  sample).  The  diluted  sample  has  an  approximate 
acid  concentration  of  2.5%  (v/v)  HC1  and  5%  (v/v)  HN03  and  is  now  ready  for 
analysis. 


76  If  the  sample  is  being  prepared  for  the  furnace  analysis  of  As,  Be, 
Cd,  Cr,  Cu,  Pb,  Ni ,  Se,  Tl ,  and  Zn,  continue  heating  the  acid-peroxide 
digestate  until  the  volume  has  been  reduced  to  approximately  2  ml,  add  10  ml 
of  Type  II  water,  and  warm  the  mixture.  After  cooling,  filter  *hr?^hT 
Whatman  No.  42  filter  paper  (or  equivalent)  and  dilute  to  100  ml  with  Type  II 
water  (or  centrifuge  the  sample).  The  diluted  digestate  solution  contains 
approximately  2%  (v/v)  HN03.  For  analysis,  withdraw  aliquots  of  appropriate 
volume,  add  any  required  reagent  or  matrix  modifier,  and  analyze  by  method  of 

standard  additions. 


8.0  Quality  Control 

8  1  For  each  group  of  samples  processed,  procedural  blanks  (Type  II 
water  and  reagents)  should  be  carried  throughout  the  entire  sample-preparation 
and  analytical  process.  These  blanks  will  be  useful  in  determining  i 
samples  are  being  contaminated. 


8.2  Duplicate  samples  should  be  processed  on  a  routine  basis.  Duplicate 
samples  will  be  used  to  determine  precision.  The  sample  load  will  dictate 
the  frequency,  but  10%  is  recommended. 


8.3  Spiked  samples  or  standard  reference  materials  should  be  employed 
to  determine  accuracy.  A  spiked  sample  should  be  included  with  each  group  of 
samples  processed  and  whenever  a  new  sample  matrix  is  being  analyzed. 


8.4  The  concentration  of  all  calibration  standards  should  be  verified 
against  a  quality  control  check  sample  obtained  from  an  outside  source. 


8.5  The  method  of  standard  addition  shall  be  used  for  the  analysis 
of  all  EP  extracts  and  whenever  a  new  sample  matrix  is  being  analyzed. 
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USATHAMA  CERTIFIED  METHOD  G9  FOR  CAL 


USATHAMA  CERTIFIED  METHOD  #G9 
Analysis  of  Arsenic  in  Soils  and  Solids  by 
Graphite-Furnace  Atomic  Absorption  Spectroscopy  (GF-AA) 

(CAL  Version  6  6/12/85) 

(USATHAMA  Version  1,  6/12/85) 


I.  Application ;  This  method  is  applicable  to  the 

quantitative  determination  of  arsenic  (As)  in  soils  and 

solid  samples. 

A.  Tested  Concentration  Range;  5.0  ug/g  to  100  ug/g. 

B.  Sensitivity :  0.02  abs.  units  at  0.010  ug/mL. 

C.  Detection  Limit:  5.0  ug/g.  Accuracy ;  0.985 

D.  Interferences :  None. 

E.  Analysis  Rate:  One  analyst  can  prepare  and  analyze 
20  samples  in  an  eight  hour  day. 

II .  Chemistry : 

A.  Alternate  Nomenclature  and  Chemical  Abstracts 
Register  NumbeTI  N/A 

B.  Physical/Chemical  Properties: 
atomic  weight  =  74.92 

mp  =  818°C  (56  mm) 
bp  =  N/A 

C.  Chemical  Reactions:  N/A 

III.  Apparatus : 

A.  Instrumentation :  Perkin-Elmer  Model  Zeeman/3030 
Atomic  Absorption  Spectrophotometer  (or  equivalent) 
equipped  with  a  Model  HGA-600  graphite  furnace  (or 
equivalent).  Pyrolitic-coated  graphite  tubes  with 
graphite  platforms  are  recommended. 

B.  Parameters: 


1.  Wavelength:  193.7  nm  (bandwidth  0.7  nm). 

2.  Lamp  and  Current:  EDL,  8  watts. 
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3.  Graphite  Furnace: 

a .  Drying  cycle ,  30  sec.  at  125°C. 

b.  Ashing  cycle,  30  sec.  at  1200°C. 

c.  Atomizing  cycle,  3  sec.  at  23O0°C. 


C.  Hardware /Glass ware : 

1.  250  mL  Teflon  beakers. 

2.  Watch  glasses. 

3.  Thermometer  (0°  -  200°C). 

4.  Volumetric  flasks,  volumetric  pipettes,  anc 
Eppendorff  pipettes. 

5.  Hot  plate  and  water  bath  or  sand  bath. 

D.  Chemicals: 

1.  Nitric  acid,  cone.,  Baker  Instra-analyzed  or 
equivalent. 

2.  Hydrogen  peroxide,  30%. 

3.  ASTK  Type  II  water  (water  must  be  monitored 
for  As). 

4.  Arsenic  SARM  stock  solution  (1000  ppm). 

5.  Nickel  nitrate  hexahydrate,  reagent  grade. 

E.  Reagents : 

1.  1:1  (v:v)  Nitric  acid,  by  dilution  of  D-1  above. 

2.  0.02%  Nickel  modifier  solution  prepared  by 
dissolving  0.0991  g  of  nickel  nitrate 
hexahydrate  in  100  mL  of  water. 

3.  2%  (v:v)  Nitric  acid,  by  dilution  of  D-1  above. 
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IV.  Standards: 


A.  Standard  Solutions:  Dilute  2.0  mL  of  cone,  nitric 
acid  and"  1.0  mL  of  the  1000  ug/mL  arsenic  stock 
solution  with  water  in  a  100  mL  volumetric  flask;  . 
this  is  the  spiking  standard  (10  ug/mL).  Dilute  2.0 
mL  of  cone,  nitric  acid  and  0.60  mL  of  spiking 
standard  with  water  in  a  100  mL  volumetric  flask; 
this  is  the  working  (calibration)  standard  (0.060 
ug/mL). 


B.  Calibration  Standards:  The  autosampler  modifier 
solution  reservoir,  dilution  water  reservoir,  and 
working  standard  solution  reservoir  are  filled  with 
0.02%  nickel  nitrate,  2%  nitric  acid,  and  0.060  ug/ 
mL  arsenic, ,  respectively .  The  autosampler  is 
programmed  to  generate  a  standard  curve  from  the 
following  combinations: 


Volume  (uL) 
of  0.060 
ug/mL  As 

- 0TT5 - 

3.0 

6.0 

9.0 


Final  As 


Volume  (uL)  Volume  (uL)  cone. 

2%  HNO*,  Ni (N0^)o  mod.  (ug/mL) 

- 575^ -  23  373 

6.0  20  0.020 

3.0  20  0.040 

0.0  20  0.060 


The  standard  curve  is  acceptable  (linear)  if  the 
correlation  coefficient  is  0.993  or  greater. 


C.  Control  and  Certification  Spikes:  Prepare  the 
following  spike  samples  using  1.0  g  portions  of 
standard  soil  and  the  spiking  standard  (10  ug/mL). 
Analyze  these  samples  as  described  in  part  V  below. 
Note  that  most  of  the  digests  will  require  dilution 
prior  to  GF/AA  determination. 


Volume  of 


Designation 

10.0  (ug/mL) 
standard  added 

ug/g  added 
to  soil 

ug/mL 
100  mL  d: 

"Method  Blank" 

0.0 

0,6~ 

0.0 

0.5x 

0.50 

5.0 

0.05 

1  X 

1.0 

10 

0.10 

2x 

2.0 

20 

0.20 

5x 

5.0 

50 

0.50 

lOx 

10.0 

100 

1.0 

Note  that  the  standard  soil  contains  an  apparent 
background  level  of  2.0  ug/g  of  arsenic. 


Daily  quality  assurance  requires  the  analysis  of 
unspiked  standard  soil  (the  ’’Method  Elank”),  a  spike 
at  10  ug/g,  fcnd  duplicate  spikes  at  25  ug/g  with 
each  batch  of  samples.  These  daily  spikes  are 
prepared  by  adding  1.0  mL  and  2.5  ®L  of  the  10.0  ug/ 
mL  standard  to  1.0  g  of  standard  soil,  allowing  the 
spikes  to  set  for  one  hour,  and  then  proceeding  as 
in  V  below. 


Procedures : 

A.  Mix  the  sample  thoroughly  to  achieve  homogeneity. 

For  each  digestion  procedure,  weigh  and  transfer  to 
a  teflon  beaker  a  1.0  g  portion  (to  the  nearest  0.01 
g)  of  sample. 

B.  Add  10  mL  of  1:1  nitric  acid  mix  the  slurry  and 
cover  with  a  watch  glass.  Heat  the  sample  to  95°C 
for  10  minutes  without  boiling.  Allow  the  sample  to 
cool,  add  5  mL  of  cone,  nitric  acid,  replace  the 
watch  glass,  and  reflux  for  30  minutes.  Do  not 
allow  the  volume  to  be  reduced  to  less  than  5  ®L 
while  maintaining  a  covering  of  solution  over  the 
bottom  of  the  beaker. 

C.  After  the  second  reflux  step  has  been  completed  and 
the  sample  has  cooled,  add  2  mL  of  Type  II  water 
and  3  mL  of  30%  hydrogen  peroxide  (H2O2).  Return 
the  beaker  to  the  hot  plate  for  warming  to  start  the 
peroxide  reaction.  Care  must  be  taken  to  ensure 
that  losses  do  not  occur  due  to  excessively  vigorous 
effervescence.  Heat  until  effervescence  subsides, 
and  cool  the  beaker. 

D.  Continue  to  add  30%  H2O2  in  1  mL  aliquots  with 
warming  until  the  effervescence  is  minimal  or  until 
the  general  sample  appearance  is  unchanged.  (Note: 
Do  not  add  more  than  a  total  of  10  mL  30?  H202»)_ 
Continue  heating  the  acid-peroxide  digestate  until 
the  volume  has  been  reduced  to  approximately  2  mL, 
add  10  mL  of  Type  II  water,  and  warm  the  mixture. 
After  cooling,  filter  through  Whatman  No.  42  filter 
paper  and  dilute  to  100  mL  with  Type  II  water.  The 
diluted  digestate  solution  contains  approximately  2% 
(v:v)  nitric  acid. 

E.  Autosampler  cuvettes  are  filled  with  about  1.5  oL  of 
the  final  digestates.  The  autosampler  is  programmed 
to  combine  9.0  uL  of  sample  digestate  and  15  uL  of 
modifier  (as  in  the  calibration  step,  IV-B). 
Responses  are  compared  to  the  standard  curve. 

Analyze  the  0.040  ug/mL  arsenic  standard  after  every 
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10  samples.  If  this  standard  exceeds  the  ♦_  10% 
continuing  calibration  check  criteria  (i.e.,  the 
result  is  outside  the  0.044  to  0.036  ug/mL  window), 
then  the  AA  must  be  recalibrated  and  the  previous, 
set  of  10  samples  must  be  rerun. 

If  any  sample  responses  exceed  that  of  the  highest 
calibration  standard  (0.060  ug/mL),  then  dilute  the 
digests  with  2%  nitric  acid  and  reanalyze. 


VI .  Calculations: 

ug  As/g  soil  sample  =  (ug/mL  cone.  found)(mL  final  Vol.) 

(g  sample  analyzed) 

The  results  are  corrected  to  a  dry  weight  basis. 


VII.  References:  Modification  of  Method  3050  from  SW-B46 

•'Test  Methods  for  Evaluating  Solid  Waste", 
USEPA,  July  1962. 


a* 


METHOD  3050 


ACID  DIGESTION  OF  SLUDGES 

I 

1.0  Scope  and  Application 

1.1  Method  3050  is  an  acid  digestion  procedure  used  to  prepare  sludge- 
type  and  soil,  samples  for  analysis  by  flame  or  furnace  atomic  absorption 
spectroscopy  (A AS )  or  by  inductively  coupled  argon  plasma  spectroscopy  (ICP). 
Samples  prepared  by  Method  3050  may  be  analyzed  by  AAS  or  ICP  for  the 


following  metals: 

Antimony 

Lead 

Arsenic 

Nickel 

Barium 

Selenium 

Beryl  1 1  urn 

Silver 

Cadmi urn 

Thai  1 ium 

Chromium 

Zinc 

Copper 

1.2  Method  3050  may  also  be  applicable  to  the  analysis  of  other  metals 
in  sludge-type  samples.  However,  prior  to  using  this  method  for  other 
metals,  it  must  be  evaluated  using  the  specific  metal  and  matrix. 


2.0  Summary  of  Method 

2.1  A  dried  and  pulverized  sample  is  digested  in  nitric  acid 
and  hydrogen  peroxide.  The  digestate  is  then  refluxed  with  either  nitric 
acid  or  hydrochloric  acid.  Hydrochloric  acid  is  used  as  the  final  reflux 
acid  for  the  furnace  analysis  of  Sb  or  the  flame  analysis  of  Sb,  Be,  Cd,  Cr, 
Cu,  Pb,  Ni,  and  Zn.  Nitric  acid  is  employed  as  the  final  reflux  acid  for 
the  furnace  analysis  of  As,  Be,  Cd,  Cr,  Cu,  Pb,  Ni,  Se,  Ag,  Tl,  and  Zn  or  the 
flame  analysis  of  Ag  and  Tl . 


3.0  Interferences 


3.1  Sludge  samples  can  contain  diverse  matrix  types,  each  of  which  may 
present  its  own  analytical  challenge.  Spiked  samples  and  any  relevant 
standard  reference  material  should  be  processed  to  aid  in  determining  whether 
Method  3050  is  applicable  to  a  given  waste.  Nondestructive  techniques  such  as 
neutron  activation  analysis  may  also  be  helpful  in  evaluating  the  applicabil¬ 
ity  of  this  digestion  method. 


4.0  Apparatus  and  Materials 

4.1  125-ml  conical  Phillips'  beakers. 

4.2  Watch  glasses. 


;  .  i  AT rr>*7 %  * 


TV*- ♦*- 


2  /  WORKUP  TECHNIQUES  -  Inorganic 


4.3  Drying  ovens  that  can  be  maintained  at  30*  C. 

4.4  Thermometer  that  covers  range  of  0’  to  200*  C. 

4.5  Whatman  No.  42  filter  paper  or  equivalent. 


5.0  Reagents 

5.1  ASTM  Type  II  water  (ASTM  D1193):  Water  should  be  monitored 
for  Impurities. 

5.2  Concentrated  nitric  acid:  Acid  should  be  analyzed  to  determine 
level  of  impurities.  If  impurities  are  detected,  all  analyses  should  be 
blank  corrected. 

5.3  Concentrated  hydrochloric  acid:  Acid  should  be  analyzed  to  deter¬ 
mine  level  of  impurities.  If  impurities  are  detected,  all  analyses  should  be 
blank  corrected. 

5.4  Hydrogen  peroxide  (30%) :  Oxidant  should  be  analyzed  to  determine 
level  of  impurities.  If  impurities  are  detected,  all  analyses  should  be 
blank  corrected. 


6.0  Sample  Collection,  Preservation,  and  Handling 

6.1  All  .samples  must  have  been  collected  using  a  sampling  plan  that 
addresses  the  considerations  discussed  in  Section  One  of  this  manual. 

6.2  All  sample  containers  must  be  prewashed  with  detergents,  acids, 
and  distilled  deionized  water.  Plastic  and  glass  containers  are  both 
suitable. 


6.3  Nonaqueous  samples  shall  be  refrigerated  when  possible,  and 
analyzed  as  soon  as  possible. 


7.0  Procedure 

7.1  Weigh  and  transfer  to  a  250-ml  conical  Phillips'  beaker  a  1.0-g 
portion  of  sample  which  has  been  dried  at  60  C,  pulverized,  and  thoroughly 
mixed. 


7.2  Add  10  ml 
with  a  watch  glass, 
the  sampl e  to  cool , 
reflux  for  30  min. 
while  maintaining  a 


jf  1:1  nitric  acid  (HNO3),  mix  the  slurry,  and  cover 
Heat  the  sample  at  95’  C  and  reflux  for  10  min.  Allow 
add  5  ml  of  cone.  HNO3,  replace  the  watch  glass,  and 
Do  not  allow  the  volume  to  be  reduced  to  less  than  5  ml 
covering  of  solution  over  the  bottom  of  the  beaker . 


3050  /  3 


7.3  After  the  second  reflux  step  has  been  completed  and  the  sample  . 
has  cooled ,  add  2  ml  of  Type  II  water  and  3  ml  of  30*  hydrogen  perttx.de  (HjOj). 
Return  the  beaker  to  the  hot  plate  for  warming  to  start  the  peroxide  reaction. 
Care  must  be  taken  to  ensure  that  losses  do  not  occur  due  to  excessively 
vigorous  effervescence.  Heat  until  effervescence  subsides,  and  cool  the 

beaker. 


.  7.4  Continue  to  add  30%  H202  in  1-ml  aliquots  with  warming  until  the 
effervescence  is  minimal  or  until  the  general  sample  appearance  is  unchanged. 
(NOTE:  Do  not  add  more  than  a  total  of  10  ml  30%  H202.) 

7.5  If  the  sample  is  being  prepared  for  the  furnace  analysis  of  Ag  and 
Sb  or  direct  aspiration  analysis  of  Ag,  Sb,  Be,  Cd,  Cr,  Cu,  Pb,  Ni ,  Tl,  an? 

Zn,  add  5  ml  of  1:1  HC1  and  10  ml  of  Type  II  water,  return  the  covered  beaker 
to  the  hot  plate,  and  heat  for  an  additional  10  min.  After  cooling,  filter 
through  Whatman  No.  42  filter  paper  (or  equivalent)  and  dilute  to  100  ml  with 
Type  II  water  (or  centrifuge  the  sample).  The  diluted  sample  has  an  approximate 
acid  concentration  of  2.5%  (v/v)  HC1  and  5%  (v/v)  HN03  and  is  now  ready  for 
analysis. 

76  If  the  sample  is  being  prepared  for  the  furnace  analysis  of  As,  Be, 

Cd,  Cr*  Cu,  Pb,  Ni ,  Se,  T1 ,  and  Zn,  continue  heating  the  acid-peroxide 
digestate  until  the  volume  has  been  reduced  to  approximately  2  ml,  add  10  ml 
of  Type  II  water,  and  warm  the  mixture.  After  cooling,  filter  through 
Whatman  No  42  filter  paper  (or  equivalent)  and  dilute  to  100  ml  with  Type  II 
water  (or  centrifuge  the  sample).  The  diluted  digestate  solution  contains 
aooroximately  2%  (v/v)  HNO3.  For  analysis,  withdraw  aliquots  of  appropriate 
volume,  add  any  required  reagent  or  matrix  modifier,  and  analyze  by  method  of 

Standard  additions. 


8.0  Quality  Control 

8  1  For  each  group  of  samples  processed,  procedural  blanks  (Type  II 
water  and  reagents)  should  be  carried  throughout  the  entire  sample-preparation 
and  analytical  process.  These  blanks  will  be  useful  in  determining  if 
samples  are  being  contaminated. 

8.2  Duplicate  samples  should  be  processed  on  a  routine  basis.  Duplicate 
samples  will  be  used  to  determine  precision.  The  sample  load  will  dictate 
the  frequency,  but  10%  is  recommended. 

8.3  Spiked  samples  or  standard  reference  materials  should  be  employed 
to  determine  accuracy.  A  spiked  sample  should  be  included  with  each  group  of 
samples  processed  and  whenever  a  new  sample  matrix  is  being  analyzed. 

8.4  The  concentration  of  all  calibration  standards  should  be  verified 
against  a  quality  control  check  sample  obtained  from  an  outside  source. 

8.5  The  method  of  standard  addition  shall  be  used  for  the  analysis 
of  all  EP  extracts  and  whenever  a  new  sample  matrix  is  being  analyzed. 
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SECTION  H 


ANALYSIS  OF  MERCURY  IN  SOILS  BY  COLD  VAPOR 
ATOMIC  ABSORPTION  SPECTROSCOPY  (CVAAS): 
USATHAMA  CERTIFIED  METHOD  Y9  FOR  UBTL;  AND 
USATHAMA  CERTIFIED  METHOD  J9  FOR  CAL 

DEVELOPED  FROM 

EPA  METHOD  245.5,  EPA-600/4-79-020  REVISED  MARCH  1983 


USATHAMA  CERTIFIED  METHOD  Y9  FOR  UBTL 
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04/15/85 


ANALYSIS  OF  MERCURY  IN  SOILS  BY  COLD  VAPOR 
ATOMIC  ABSORPTION  SPECTROSCOPY  (CVAAS) 


I.  Application  t  This  method  Is  applicable  for  the  quantitative 
--  determination  of  mercury  (Hg)  in  soils  or  solid  samples. 

A#  Tested  Concentration  Range  -  0.05  yg/g  to  1.00  yg/g. 

B.  Sensitivity  -  Peak  height  in  mm  at  detection  limit:  19  mm  at  0.05 

yg/g* 

C.  netectlon  Limit  -  (yg/g  in  soil  sanple)  -  0.05  yg/g 

D.  Interferences  -  Possible  interference  from  sulfide  is  eliminated 
by  the  addition  of  aqua  regia  and  potassium  permanganate. 

E.  Analysis  Rate  -  One  analyst  can  prepare  20  samples  in  an  8  hour 
day.  One  analyst  can  analyze  20  aanples  in  an  8  hour  day. 

II.  Chemistry 

A.  ,1t.nn.te  Nomenclature  ,nd  Chw.lc.1  Abstracts  Munb.r  - 

N/A. 

B.  Physical  and  Chemical  Properties  -  Merairy,  Hg  M.W.  -  200.59; 
Melting  Pt.  -  39eC;  Boiling  Pt.  357°C. 

C.  Chemical  Reactions  -  N/A. 

III.  Apparatus 

A.  ins  rrupentat Ion  -  Atomic  absorption  apectrophotooatsr-  Peritlo- 

Elaer  Modal  305-B  epulppad  with  Hg  hollow  cathode  Imp.  cold  vapor 
accessory,  and  strip  chart  recorder. 
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B.  Paraneters 

1.  Wavelength:  253.7  tan. 

2.  Purge  gas  flow  (air):  1  Liter/min. 

3.  Hollow  cathode  lamp  current:  6  ma. 

4.  Sample  aliquot:  50  mL. 

C.  Hardware/Glassware 

1.  BOD  Bottles,  300-mL. 

2.  Watch  glasses,  50-mrn. 

3.  Volumetric  flasks,  10  mL,  250-mL,  1000-mL. 

4.  Volumetric  pipets  (glass  or  Eppendorf  type) 

5.  Steam  bath. 

6.  Pi pet  bulb. 

7.  Phillips  beakers,  250  mL. 

D.  Chemicals 

1.  Hydrochloric  acid,  cone.,  reagent  grade. 

2.  Nitric  acid,  cone.  Baker  Instra-analyzed ,  or  equivalent. 

3.  Hydroxyl  mine  hydrochloride,  reagent  grade. 

4.  Stannous  chloride  dihydrate,  reagent  grade, 

5.  Potassium  permanganate,  reagent  grade. 

6.  Mercury  solution:  SARM  supplied  by  USATHAMA  Which  was  500  mL 
of  0.12  w/v  mercury  in  dilute  nitric  acid  from  MCB.  The 
actual  lot  analysis  certified  by  USATHAMA  was  1008  ppm. 

E.  Reagents 

1.  Aqua  Regia:  Prepare  before  use  by  carefully  adding  three 
volumes  of  cone.  HC1  to  one  volume  of  cone.  HNO3. 

2.  Stannous  chloride  102:  To  100  g  stannous  chloride  dihydrate, 
add  500  mL  cone.  HC1.  Stir  until  dissolved.  Dilute  to 
1000  mL  with  distilled  water. 

3.  Hydroxylamine  hydrochloride  solution:  Dissolve  200  g  of 
hydroxyl  .nine  hydrochloric  In  dl. tilled  «et«r  end  dilute  to  1 

liter. 
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4.  Potwsla.  per»angan*te  -  52  aolutlon,  w/v:  Blasolva  5  g  of 
potassium  panaanganate  It.  100  mL  of  distilled  water. 

IV.  Standards 

A.  Calibration  Standards 

1.  Add  approximately  5  mL  of  distilled  water  and  .5  »L  of 

concentrated  HNO3  to  a  in  mL  volumetric  flask.  To  this  flask 
add  1.0  ml  of  the  1000  yg /mL  mercury  stock  solution  and  dilute 
to  volume,  giving  a  solution  of  100.0  yg/mL  Hg.  This  solution 
may  be  stored  up  to  one  week.  To  a  second  10  mL  volumetric 
flask,  add  5  mL  distilled  water,  0.5  mL  concentrated  HNO3  and 
0.1  mL  of  the  100.0  yg/mL  mercury  solution.  Dilute  to  volume, 
giving  a  solution  of  1.0  yg/mL  Hg.  This  solution  must  be 
prepared  fresh  daily.  Transfer  0,  0.04,  0.10,  0.25,  0.50, 

0.75  and  1.25  mL  aliquots  of  the  1.0  yg/mL  siercury  solution  to 
a  series  of  250  mL  Phillips  beakers  and  immediately  cover  with 
a  watch  glass.  The  amounts  are  summarized  below. 


Volume  (mL) 
of  1.0  yg/mL 

Cf gnidftTd  Added 

Total  Hg  (yg) 
per  250  mL 

Hg  (yg)  per 
50  mL  Aliquot 

0 

0 

0.000 

.04 

0.04 

0.008 

.10 

0.10 

0.020 

.25 

0.25 

0.050 

.50 

0.50 

0.100 

.75 

0.75 

0.150 

1.25 

1.25 

0.250 

Follow  the  sample  preparation  and  analysis  procedure  given  in 
Section  V  starting  with  the  addition  of  aqua  regia.  Construct  a 
standard  curve  by  plotting  instrument  response  versus  micrograms 
of  mercury  as  described  in  Section  VI. 
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B .  Control  Spikes 

1.  For  certification  weigh  one  gran  portions  of  the  atandard  toll 
into  each  of  alx  250-mL  Phillips  beakers.  Record  the  exact 
•  oil  weight,  to  the  beaker,  add  the  following  amounts  of  the 
1.0  pg/mL  Hg  atandard  prepared  in  IV.  A. 


Designation 

Blank 

Amount  (mL)  of 

1 .0  yg/mL 

Standard  Added 

Total  Hg  (yg) 
per  250  mL 

yg  Hg/50  mL 
Aliquot 

0.00 

0 

0.00 

0.5X 

0.05 

0.05 

0.01 

x 

0.10 

0.10 

0.02 

2X 

0.20 

0.20 

0.04 

5X 

0.50 

0.50 

0.10 

10X 

1.00 

1.00 

0.20 

After  addition  of  the  mercury 

standard  the  control  apikes  are 

allowed  to  stand  for  one  hour 

.  The  control  spikes  are  then 

treated  as  samples  following 

the  procedure  given 

in  Section  V 

2.  Daily  quality  control  rcquir.a  the  use  of  only  the  method 

blank  (unspiked  standard  soil),  the  X  level  spike  (0.10  ug/g>. 
.nd  duplicate  5X  level  .pikes  (0.50  yg/g).  For  daily  quality 
control  «igh  one  gr«n  portions  of  the  atandard  .oil  into  each 
of  four  250-mL  Phillips  beakers.  Xecord  the  exact  .oil 
.eight.  TO  the  beaker,  add  the  following  -cunts  of  1.0  ug/n>L 
Hg  atandard  prepared  in  IV. A. 


Designation 

Blank 

X 

5X 

5X 


Amount  (mL)  of 
1.0  yg/mL 
Standard  Added 

0.00 

0.10 

0.50 

0.50 


Total  Hg  (yg) 
per  250  ml 

0 

0.10 

0.50 

0.50 


Ug  Hg/50  mL 
Aliquot 

0.00 

0.02 

0.10 

0.10 


After  addition  of  the  mercury  atandard  the  control  apikes  are 
allowed  to  atand  for  one  hour.  The  control  apikes  are  then 
treated  as  sanples  following  the  procedure  given  in  Section  V 
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V.  Procedure  ,  _  ,, 

Weigh  one  gr.  portion,  of  the  .oil  .aspics.  the  ,°11 

weight  .nd  pl.ce  in  .ep.r.te  250-mL  Phillips  takers.  The  Phillips 
beakers  should  be  covered  with  watch  glasses  during  heating.  To  each 
beaker,  add  25  «L  of  aqua  regia.  Beat  5  minutes  on  a  .tea.  bath. 

.  Co!  .„d  aid  50  nL  distilled  water  and  25  »L  potassium  perwang.n.te 
solution  to  each  .ample.  Mis  thoroughly  and  return  to  the  .tern 
bath.  If  a  solution  does  not  remain  purple  for  at  least  10  minutes, 
add  an  additional  5  mL  of  potassium  permanganate  eolution  and  return 
it  to  the  stems  bath.  Bepeat  until  purple  color  remains  at  least  10 
minutes.  Cool,  transfer  to  a  250-mL  volumetric  flask,  dilute  to 
volume  with  distilled  water,  and  mix  thoroughly.  Transfer  an  aliquot 
of  the  solution  (normally  50-ml)  into  each  of  two  BOD  bottles.  Add  50 
.1  of  distilled  water  (or  whatever  volume  la  required  to  bring  the 
volume  of  liquid  in  the  BOD  bottles  up  to  100  mL).  Add  5  mL  of  201 
hydroxyl  amine  hydrochloride  solution  to  reduce  the  excess 
permanganate.  Expel  the  air  in  the  head  apace  of  the  BOD  bottle  by 
passing  dean  air  into  it.  Add  5  mL  of  the  atannous  chloride  solution 
and  immediately  Insert  the  bubbler,  which  closes  the  aeration 
system.  At  this  point  the  ...pie  is  allowed  to  stand  quietly  without 
manual  agitation.  The  circulating  pump,  which  has  been  previously 
adjusted  to  a  rate  of  1  liter  per  minute,  is  allowed  to  run 
continuously.  The  absorbance  will  increase  and  reach  a  maximum  wit  n 
30  seconds.  As  soon  as  the  recorder  pen  levels  off,  open  the  syst« 
by  removing  the  bubbler.  Einse  the  bubbler  with  distilled  water  and 
dry.  When  the  recorder  trace  levels  off  at  its  minimum  value,  another 

sample  can  be  analyzed. 


An  aliquot  of  each  calibration  standard  is  and, red  at  the  beginning 
of  the  run.  Duplicate  aliquots  of  ...pies  •«  then  analysed, 

interspersed  with  aliquot,  of  *****  °f  "" 

samples.  The  run  1.  concluded  with  the  analysis  of  a  amend  aliquot 
of  each  of  the  calibration  standards.  It  ahould  be  noted  that  the 
-sero  level"  calibration  at.nd.rd  as  described  in  Section  IV.A.l  is 
the  reagent  blank. 
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VI. 


VII. 


Because  of  the  toxic  n.ture  of  mercury  vapor.  precaution  .ott  he  t.ban 
to  avoid  Inhalation. 

Calculations  -  Prepare  a  at.nd.rd  curve  for  the  uicrogr-e  of  -rcury 
present  in  the  at.nd.r4.  versus  pel  heights.  Determine  the  pea* 
height  of  the  unhnovn  fro.  the  chert  and  read  the  mercury  value  fro. 
the  atandard  curve.  Calculate  the  mercury  concentration  in  the  amp  e 

by  the  formula: 


up  Bp  In  the  aliquot  x  250  mL - — - - 

Vg  Hg/g  soil  sample  - (vol.  of  aliquot  in  mL)  x  (wt  of  soil  aampl e  In  g) 

The  results  are  corrected  for  recovery  based  upon  the  certification 
data  and  for  aoisture  content  and  then  reported  on  a  dry  -eight  basis. 

References  -  Method  245.5  (Mercury  in  Sediment)  In:  'Methods  for 
chasi cal  Analysis  of  Water  and  Wastes.  EPA  600/4-79-020  O  S 
Environmental  Protection  Agency:  Cincinnati.  Ohio.  March  1979.  The 
method  has  been  scaled  up  to  alio.  for  "analysis  of  .mailer  aliquots 
of  highly  concentrated  samples. 
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mercury  in  sediment 

Method  245.5  (Manual  Cold  Vapor  Technique) 

7“'^-  «ou,  mercury  (organic  t  -organ,:')  »  ~ 

bottom  deposits  and  sludge  type  fe  extended  above  or  below  the 

u  * 01  *■*  “  Md 

recorder  control. 

Summary  of  Method  in  ut  regia  for  2  minutes  at  95‘C,  followed 

„  sssssrs;."— -»» 

Sample  Handling  and  Preservation  procedure  and  the  omnipresence  of 

>■  tmsns 

— rr^s. vrsr;' -  -  - » — - 

mercury  conumination.  ...  ftUl  drvin»  it  has  been  found  to  be  more 

3.2  While  the  sample  may  be  analyze  7*  ^  driven  off  in  .  drying  oven  at  a 

convenient  to  analyze  a  dry  samp  t  *  observed  by  using  this  drying  step 

^  ^ 15 

weighed  . 

Interferences  .  t(ul  occur  in  water  samples  are  also  poss.ble  ten 

41  SumCTtVhTs^Mes,  high  positive interference  In  order  to 

*■  r:sscrccs5'“*"““,““*“‘ 

purged  before  the  addition  of  stannous  sulfate. 

'  ,  rXlic  Absorption  Spe=.ropho,ometr<S«  No« £ 

followed  .  for  rbe  measurement  oT  mercury  using  the 

NOTE  It  Instruments  d»gnrfsp»fi“>yub.e  —  m,y  be  substituted  for  the  atomic 
cold  vapor  technique  are  commercially 
absorption  spectrophotometer. 
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5.2 

5.3 

5.4 


5.5 


windowf  may  be  used-  Suitable  cel  y tbc  longitudinal  aits  and  quam 
V  4_i/2**.  The  ends  are  ground  perpendicu  ^  ^  md  outlet 

windows  0"  diameter  X  ^achS  approataately  1/T  from  each  end 

rrutc8"o«nPPon  -  **  *  *«  «* — *  -  - 

“Tr^rxTcrds  with  one  inch  diameter  hoi*  may  he  pUc*  over  each  end 
Xei.  totssist  in  positing  the  per  minute  may  be 

A‘r/rMa^nrmT^XZic  speed  centre,  h*  beenfound  ,0  he  theory, 

suss 

5.6  Flowmeter.  Capable  of  i measun  g  ofthc  mCrcury  vapor  from  the  sample 

57  r:rsrrrd^:  ss.  - — — -  *  “*~ 

p°r°us «  *  r  . — 

5.8 

NOTE  3:  In  place  oi  me  «*•»*■* - '  .  f  _nisture  inside  the  cell.  me  iamP  » 

“£■ rit  i-ssssss i  * — — — 

about  10*C  above  ambient. 

Reagents  .  .,,.,lv  ^fee  use  by  carefully  addtng  three  .elumes  of  cenc. 

6. 1  Aqua  Regia:  Prepare  mimed:!!.!)  be 

NOTE  4:  A  Wc  solution _  nUceofhydrotylaminess 


6.2 

6.3 

6.4 


6.5 

6.6 


6.7 


lO  IW 

«*•  ***** 5  • of  pouiuum  tCTMn'“itc 

100  ml  of  distilled  water.  n  t  of  mercuric  chloride  in  75  ml  of  distilled 

Stock  Mercury  Solution:  Vj*t  ^  volume  to  100.0  ml.  1.0  ml  -  W 

water.  Add  10  ml  of  cone,  mtnc  acid  and  aojusi 

Working  Mercury  Solution:  ^l^g  standard  and  the 
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working  Mndird  thould  be  oainuinai  it  0.1  i%  nitric 
To  the  (Usk  *s  needed  before  rite  Litton  of  rite  il.t,uo. 

■  •t  _ 


*cid.  This  acid  should  be  added 


Calibration  .  „  .  ,n  .  Qf  the  working  mercury  solution  (6  7) 

7.1  Transfer  0, 0.5,  1.0.  2-0,  5.0  an  rf  3Q0  ml  BOD  bottles.  Add  enough  distilled 

containing  0  to  1.0  ug  of  mercury  .  Add  5  Df  aqua  regia  (6.1)  and 

witer  ,o  neb  bottle  “  ££ »°>  -  -  J0”> ' “ 

heat  2  minutes  m  a  water  bath  at  95  C.  A  ^  f0  ^  w#ter  bath  for 

-  water  and  15  ml  of  KMnO. solutl0^.'  *  ®  -d  hydroxylamine  sulfate  solution  (6  4) 

.  jo  minutes  Cool  »d  -d  ^  "  "*2 Tm.ing  eicb  bottle 
to  reduce  the  excess  permanganate  *d  ~  immediately  attach  the 

individually,  add  5  ml  of  ^  *  allowed  to  stand  quietly 

bottle  to  the  aeration  apparatus.  A  P° '  ’  which  ^  previously  been  adjusted  to 

without  manual  agitation.  The  circu!  *  ?  continuously.  The  absorbance,  as  exhibited 
rate  of  1  liter  per  minute,  is  allowed  to  wffl  increase  and  reach  maximum 

either  on  the  spectrophotometer  or  th  d  ^  off  approximately  1  minute,  open 

sississsesSss- — «— 

curve  by  plotting  peak  height versus  ™ l^fmury  vapor  precaution  must  be  uken  to  avoid 

NOTE  5:  Because  of  the  toxic  naturi  ^  ^^/m  the  system  to  either  vent  the 

mercu^va^r^to^n^xhausTl hood  or  pass  the  vapor  through  some  absorbing  media. 
“Ch  *equal  volumes  of  0.1  N  KMnO.  and  10%  H3SO, 

b)  0.25%  iodine  in  a  3%  KI  solution.  available  from 

Cat.  #580-13  or  #580-22. 

Procedure  r  umnle  and  place  in  bottom  of  a  BOD  bottle  Add  5 

g.l  Weigh  triplicate  0.2  g  **\x**°!**  pl  ]}  Heat  2  minutes  in  a  water  bath  at  95  C 
ml  of  distilled  water  and  5  ml  of^u,  r^1^  permanganate  solution  (6.5)  to  each 

Cool,  add  50  ml  distilled  water  and  15  ml  pow»» *  f*r  ^  minutes  >t  95-C.  Cool 
sample  bottle.  Mix  thoroughly  and  place  *n  sulftK  (64)  t0  reduce  the  excess 

and  add  6  ml  of  sodium  chlonde y i yT  ’i  h  bottle  individually,  add  5  ml 

sresres  -g*  - 

srrxriK  sss:-- — — 
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hydroxylamine  sulfa.e  solution  (64)  to  reduce  tha  aacaat  pann^anata.  Pur«e  .ha  daad 
air  space  and  continue  as  described  under  (7.1). 


9jC“lyIeasure  the  peak  height  of  the  unknown  from  the  chart  and  read  the  mercuty  «lue  from 
9.2  the  m7reuty  concentration  in  the  sample  by  the  formula: 


up  He  in  thf  aliquot. 
Jrt  of  ine  al 


ilgHg/g  *  of  the  aliquot  in  gms 


lig/gm,  to  nearest  ug 

10.  Precision  and  Accuracy  ..  s»mnles  were  recorded  at  the 

101  tad^"X~.7d7«  " thKt 

levels,  added  as  methyl  mercuric  chloride,  was  97%  and  94%.  mpecmely. 
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CERTIFICATION  RESULTS  -  UBTL  -  MERCURY  -  5-1-85 
ANALYSlI  OF4 16  TARGET  COHC-FOUHD  COMC  POINTS 


CERTIFICATION  RESULTS  -  UBTL  -  MERCURY  -  5-1-85 
RUNS  1234 
FOUND  CONC 

0*23 


0  0,04  0*08  »• 
0.00  TARGET  CONC 

UERTICAL  AXIS  TIC  IHTERUAl=  0.023 


CERTIFICATION  RESULTS  -  UBTL  -  MERCURY  -  5-1-85 
STATISTICAL^DATA  USED  TO  DETERMINE  PERCENT 
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RUNS  1234 
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USATHAMA  CERTIFIED  METHOD  39  FOR  CAL 


USATHAMA  CERTIFIED  METHOD  #J9 
Determination  of  Mercury  in  Soils  by  Cold  Vapor 
Atomic  Absorption  Spectroscopy  (CVAAS) 

(CAL  Version  5,  6/1/85) 

(USATHAMA  Version  2,  6/1/85) 

I.  Application:  This  method  is  applicable  for  the 

quantitative  determination  of  mercury  (Hg)  in  soils 
or  solid  samples. 


A.  Tested  Concentration  Range: 

0.05  ug/g  to  1.6  ug/g 

B.  Sensitivity:  Peak  height  at  0.1  ug/g  is  14  mm. 

C.  Detection  Limit:  0.06  ug/g  Accuracy:  1.014 

D.  Interferences:  Possible  interference  from  sulfide 
is  eliminated  by  the  addition  of  aqua  regia  and 
potassium  permanganate.  Possible  interference  from 
chlorine  is  eliminated  by  purging  the  BOD  bottle  head 
space  prior  to  addition  of  stannous  chloride. 

E.  Analysis  Rate:  One  analyst  can  prepare  and  analyze 
20  samples  in  an  eight  hour  day. 


II .  Chemistry: 

A.  Alternate  Nomenclature  and  Chemical  Abstracts 
Register  NumbeT:  N/A. 

B.  Physical  and  Chemical  Properties:  M.W.  =  200.59; 

Melting  Pt.  -  39UC;  Boiling  Pt.  357°C . 

C.  Chemical  Reactions:  N/A. 


IHi  Apparatus: 

A  instrumentation:  Fisher  Mercury  Analyzer  equipped 
with  Hg  hollow- cathode  lamp,  cold  vapor  accessory, 
and  strip  chart  recorder. 


Californio  Analytical  Laboratories.  Inc. 
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B.  Parameters ; 

1.  Wavelength:  253.7  nm. 

2.  Purge  gas  flow  (air):  about  2  Liter/min. 

3.  Hollow  cathode  lamp  current:  6  ma. 

4.  Sample  aliquot:  50  mL. 

C.  Hardware /Glassware : 

1.  BOD  Bottles,  300  mL. 

2.  Watch  glasses,  50  mm. 

3.  Volumetric  flasks,  100  mL,  250  mL,  1000  mL. 

4.  Volumetric  pipets  (glass  or  Eppendorf  type). 

5.  Steam  bath. 

6.  Pipet  bulb. 

7.  Teflon  beakers,  250  mL. 

8.  Plastic  funnels. 

D.  Chemicals : 

1.  Hydrochloric  acid,  cone.,  Baker  ULTREX  grade,  or 
equivalent. 

2.  Nitric  acid,  cone.,  Baker  ULTREX  grade,  or 
equivalent. 

3.  Hydroxylamine  -hydrochloride,  reagent  grade. 

4.  Stannous  chloride  dihydrate,  reagent  grade. 

5.  Potassium  permanganate,  reagent  grade. 

6.  Mercury  solution:  SARM  supplied  by  USATHAMA 
which  was  500  mL  of  0.1*  w/v  mercury  in  dilute 
nitric  acid  from  MCB.  The  actual  lot  analysis 
certified  by  USATHAMA  was  1008  ppm. 

7.  Magnesium  perchlorate,  reagent  grade  (to  be  used 
as  a  drying  agent). 
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E.  Reagents: 

1.  Aqua  Regia:  Prepare  immediately  before  use  by 
carefully  adding  three  volumes  of  cone.  HC1  to 
volume  of  cone.  HNO^. 

2.  Stannous  chloride  10%:  To  100  g  stannous 
chloride  dihydrate,  add  500  mL  cone.  HC1. 

Stir  until  dissolved.  Dilute  to  1000  mL  with 
distilled  water. 

3.  Hydroxylamlne  hydrochloride  solution  20^: 

Dissolve  200  g  of  hydroxylamine  hydrochloride  in 
distilled  water  and  dilute  to  1  liter. 

4.  Potassium  permanganate  5£t 

Dissolve  5  g  of  potassium  permanganate  in  100  mL 
of  distilled  water. 

F.  Glassware  Cleaning  Protocol: 

1.  Due  to  the  low  detection  limit  of  the  method,  the 
ubiquitous  nature  of  mercury,  and  the  use  of  aqua 
regia  for  digestions,  all  glassware  roust  be 
scrupulously  cleaned  as  follows  prior  to  use: 

2.  Teflon  beakers  must  be  rinsed  with  dilute 
hydroxylamine  hydrochloride  to  eliminate  adsorbed 
KMn04. 

3.  All  glassware  must  be  decontaminated  after  use  as 
follows : 

a.  Discard  digestates,  digested  soils,  etc.  as 
appropriate  and  immediately  rinse  with  water. 

b.  Wash  with  detergent  and  rinse  with  DI  water. 

c.  Soak  for  10  min.  in  warm  1:1  nitric  acid 
(prepared  daily),  rinse  twice  with  DI  water 
followed  by  two  rinses  with  distilled  water. 
Goggles  or  safety  glasses,  gloves  and  acid- 
resistant  apron  are  mandatory! 

d.  Allow  containers  to  dry  on  a  clean  surface  in 
an  inverted  position.  Store  in  a  dust-free 
area. 

4.  Remove  the  mercury  apparatus  absorbance  cell 
after  each  run  and  clean  as  described  above. 
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IV.  Standards: 


A.  Calibration  Standards: 

1.  Add  approximately  50  mL  of  distilled  water  and  . 
5.0  oL  of  concentrated  HNO3  to  a  100  mL 
volumetric  flask.  To  this  flask  add  1.0  mL  of 
the  1000  ug/mL  mercury  stock  solution  and  dilute 
to  volume,  giving  a  solution  of  10.0  ug/mL  Hg. 
This  intermediate  solution  may  be  stored  up  to 
one  week. 

2  To  a  second  100  mL  volumetric  flask,  add  50  mL 
distilled  water,  5.0  mL  concentrated  HNOx  and  10 
mL  of  the  10.0  ug/mL  mercury  solution.  Dilute  to 
volume,  giving  a  working  solution  of  1.0  ug/mL 
Hg.  This  solution  must  be  prepared  fresh  daily. 

3.  Transfer  0,  0.04,  0.10,  0.25,  0.50,  0.75  and  1*25 
mL  aliquots  of  the  1.0  ug/mL  working  solution  to 
a  series  of  250  mL  Teflon  beakers  and 
immediately  cover  with  a  watch  glass.  The 
amounts  are  summarized  on  Page  4. 


Volume  (mL) 
of  1.0  ug/mL  working 
Standard  Added 

- - 5- 

.04 

.10 

.25 

.50 

.75 

1.25 


Total  Hg  (ug) 

per  250  mL 

- 

0.04 

0.10 

0.25 

0.50 

0.75 

1.25 


Hg  (ug)  per 
50  mL  Aliquot 
0.000 
0.008 
0.020 
0.050 
0.100 
0.150 
0.250 


Follow  the  sample  preparation  and  analysis  procedure 
given  in  Section  V  starting  with  the  addition  of  aqua 
regia.  Construct  a  standard  curve  by  plotting  instrument 
response  versus  micrograms  of  mercury  as  described  in 
Section  VI. 


B.  Control  Spikes: 

1  For  certification  weigh  one  gram  portions  of  the 
standard  soil  into  each  of  six  25°  mL' Tef Ion 
beakers.  Record  the  exact  soil  weight.  To  the 
beaker,  add  the  following  amounts  of  the  1.0 
ug/mL  working  standard. 
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Designation 

Blank 

0.5X 

X 

2X 

5X 

10X 


Amount  (mL)  of 
1 .0  ug/mL  working 
Standard  Added 


0.05 

0.10 

0.20 

0.50 

1.0 


Total  Hg  (ug) 
per  250  mL 


0.05 

0.10 

0.20 

0.50 

1.0 


Hg  (ug)  per 
50  mL  Aliquot 


0.01 

0.02 

0.04 

0.10 

0.20 


After  addition  of  the  mercury  standard  the 
control  spikes  are  allowed  to  stand  for  one  hour. 
The  control  spikes  are  then  treated  as  samples 
following  the  procedure  given  in  Section  V. 

2.  Daily  quality  assurance  requires  the  analysis  of 
unspiked  standard  soil  (the  "Method  Blank"),  a 
spike  at  0.10  ug/g,  and  duplicate  spikes  at  0.50 
ug/g  with  each  batch  of  samples.  These  daily 
spikes  are  prepared  by  adding  the  spike  standards 
indicated  below  to  1.0  g  of  standard  soil, 
allowing  the  spikes  to  sit  for  one  hour,  and  then 
proceeding  as  in  V  below. 


Designation 

Blank 

2X 

5X 

5Xdup 


After  addition  of  the  mercury  standard  the 
control  spikes  are  allowed  to  stand  for  one  hour. 
The  control  spikes  are  then  treated  as  samples 
following  the  procedure  give  in  Section  V. 


Amount  (mL)  of  . 

1.0  ug/mL  Total  Hg  (ug)  Hg  (ug)  per 

Standard  Added  per_250_mL_  50  mL  Aliquot 

- oToo -  ^  0.00 

0.10  0.10  0.02 

0.50  0.50  0.10 

0.50  0.50  0.10 


V.  Procedure : 

Veight  1.0  gram  portions  of  the  soil  samples.  Record  the 
exact  soil  weight  and  place  in  separate  250  mL  Teflon 
beakers.  The  Teflon  beakers  should  be  covered  with  watch 
glasses  during  heating.  To  each  beaker,  add  25  mL  of 
aqua  regia.  Heat  5  minutes  on  a  steam  bath.  Cool  and 
add  50  mL  distilled  water  and  25  mL  potassium 
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permanganate  solution  to  each  sample.  Mix  thoroughly  and 
return  to  the  steam  bath.  If  a  solution  does  not  remain 
purple  for  at  least  10  minutes,  add  an  additional  5  mL  of 
potassium  permanganate  solution  and  return  it  to  the 
steam  bath.  Repeat  until  purple  color  remains  at  least 
10  minutes.  Cool,  transfer  to  a  250  mL  volumetric  flask, 
dilute  to  volume  with  distilled  water,  and  mix 
thoroughly.  Transfer  an  aliquot  of  solution  (normally  50 
mL)  into  each  of  two  BOD  bottles.  Add  50  mL  of  distilled 
water  (or  whatever  volume  is  required  to  bring  the  volume 
of  liquid  in  the  BOD  bottles  up  to  100  mL).  Add  5  mL  of 
20%  hydroxy lamine  hydrochloride  solution  to  reduce  the 
excess  permanganate.  Using  a  separate  purge  system, 
expel  the  air  in  the  head  space  of  the  BOD  bottle  by 
passing  clean  air  into  it.  Add  5  mL  of  the  stannous 
chloride  solution  and  immediately  insert  the  bubbler, 
which  closes  the  aeration  system.  At  this  point  the 
sample  is  allowed  to  stand  quietly  without  manual 
agitation.  The  circulating  pump,  which  has  been 
previously  adjusted  to  a  rate  of  2  liter  per  minute,  is 
allowed  to  run  continuously.  The  absorbance  will 
increase  and  reach  a  maximum  within  30  seconds.  As  soon 
as  the  recorder  pen  levels  off,  open  the  system  by 
removing  the  bubbler.  Rinse  the  bubbler  with  distilled 
water  and  dry.  When  the  recorder  trace  levels  off  at  its 
minimum  value,  another  sample  can  be  analyzed. 

The  Fisher  Mercury  Analyzer  should  be  operated  as 
follows : 

1.  Turn  power  on  and  allow  a  ten  minute  warm-up  period. 
Make  sure  knobs  A  and  B  on  the  back  of  the  analyzer 
are  in  the  full  counter-clockwise  position  and  the 
AGO  button  is  off.  The  auto-zero  switch  should  be  on 
"Manual"  and  the  scalar  switch  set  a  IX  (middle 
position).  The  zero  knob  and  gain  knob  are  at  mid 
position . 

2.  Turn  knob  B  on  the  back  of  the  analyzer  in  a 

clockwise  direction  and  line  the  needle  on  the 

absorbance  meter  up  with  the  100*  reading.  Readjust 
the  setting  to  100*  absorbance  until  the  needle 
stabilizes  at  this  setting  for  at  least  15  minutes. 

3.  Turn  knob  A  on  the  back  of  the  analyzer  in  a 

clockwise  direction  and  line  the  needle  on  the 

absorbance  meter  up  with  the  zero  percent  absorbance 
reading.  Readjust  the  setting  to  zero  percent 
absorbance  until  the  needle  stabilizes  at  this 
setting  for  at  least  15  minutes. 
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Switch  the  scalar  control  to  10X  absorbance.  Adjust  zero 
knob  to  zero  percent  absorbance  reading. 

5.  Turn  on  air  flow  through  analyzer  cell. 

6.  Readjust  zero  control  until  the  absorbance  stabilizes  at 
zero  for  at  least  15  minutes. 

7.  Begin  analysis  as  described  in  Section  V. 

8.  The  magnesium  perchlorate  should  be  changed  after 
approximately  30  analyses. 

An  aliquot  of  each  calibration  standard  is  analyzed  at  the 
beginning  of  the  run.  Duplicate  aliquots  of  samples  are  then 
analyzed,  interspersed  with  aliquots  of  mid-range  standards  at 
intervals  of  ten  samples.  The  run  is  concluded  withthe 
analysis  of  a  second  aliquot  of  each  of  the  calibration 
standards.  It  should  be  noted  that  the  "zero  level 
calibration  standard  as  described  in  Section  IV.  A.  1.  Is  the 
reagent  blank. 

Because  of  the  toxic  nature  of  mercury  vapor,  precaution  must 
be  taken  to  avoid  inhalation.  Always  conduct  the  analysis  in 
a  hood.  Empty  the  used  BOD  bottles  into  a  waste  container  in 

the  hood. 


VI  Calculations:  Prepare  a  standard  curve  for  the  micrograms  of 
mercury  present  in  the  standards  versus  peak  heights. 

Determine  the  peak  height  of  the  unknown  from  the  chart  and 
read  the  mercury  value  from  the  standard  curve.  Calculate  the 
mercury  concentration  in  the  sample  by  the  formula. 


Hg/g  soil  sample  = 


■  ug  Hg  in  the  aliquot  x  250  mL 


(vol.  of  aliquot  in  mLJxUt  of  soil  sample  in  g) 
The  results  are  then  reported  on  a  dry  weight  basis. 

VII.  References:  Method  245.5  (Mercury  in  Sediment)  In*  #J "Methods 
for  Chemical  Analysis  of  Water  and  Wastes.  EPA  I ?0°/J:79-020, 
U.S.  Environmental  Protection  Agency:  Cincinnati,  Ohio,  March 
1979.  The  method  has  been  scaled  up  to  allow  for  reanalysis 
smaller  aliquots  of  highly  concentrated  samples.  A  copy  is 
attached. 
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MERCURY  IN  SEDIMENT 
Method  245.5  (Manual  Cold  Vapor  Technique) 

Scope  and  Application  ,  ■  +  ino-canic)  in  soils,  sediments, 

U  This  procedure-  measures  total  mercury  (organic  +  tno.^mc, 

bottom  deposits  and  sludge  type  materials^  d  d  awove  or  below  the 

1.2  TtarantConhc„e,ho^O^ 

normal  range  by  increasing  or  decreasing  sample  size  o. 
recorder  control. 

Summary  of  Method  .  ia  for  2  minutes  at  95 *C.  followed 

2.1  A  weighed  portion  of  the  sample  is  digested  in  aqua  rtg  ^  ^pi.  ,h.„ 

by  oxidation  with  potassium  permanganate.  Mercury 
measured  by  the  conventional  cold  vapor  technique.  . 

2.2  Amalternate  digestion"’  involving  the  use  of  an  autoclave  is  described 

Sample  Handling  and  Preservation  analytical  procedure  and  the  omnipresence  of 

3.1  Because  of  the  extreme  sensitivjty  of  the  analytt  P  Sarr-.ling  devices  and 

„„„  miict  he  taken  to  avoid  extraneous  contamination.  >amri  * 
mercury,  care  must  be  taken  to  a  o  mer.urv.  the  sample  should  rot  be 

sample  containers  should  be  ascertained  to  be  fr« <*' ^ 
expmed  to  any  condition  in  the  laboratory  rha.  may  result  in  con-ac. 

mercury  contamination.  .  •  h«  found  to  be  mere 

“r/  r  rrss -  *.  - 

weighed. 

Interferences  «^,Dles  are  also  possible  with 

4  1  The  same  types  of  interferences  that  may  occur  in  %  ater  samples 

sediments,  i.e„  sulfides,  high  copper,  high  chlondes,  eta  terf.:en«.  In  order  to 

4.2  Volatile  materials  which  absorb  at  253.  nm  * ‘  ““  ■  tbe  BOD  bottle  should  be 

remove  any  interfering  volatile  matenals,  the  dead  air  spa.e  in 

purged  before  the  addition  of  stannous  sulfate. 

Apparatus  K.  .v  atcmi:  absorption  unit 

5.1  Atomic  Absorption  Spectrophotometer  (See  -  l  lhe  lbsorpl;0n  cell  is 

haring  an  open  sample  presentation  area  particular  manufacturer  should  be 

suitable.  Instrument  settings  recommended  b>  the  parucu.ar  m 

followed.  ,  ,v  measurement  of  mercury  using  the 

NOTE  1:  Instruments  designed  specifically  for  ^  bslilu:ed  for  the  atomic 

cold  vapor  technique  are  commercially  available  and  ma>  be  subst.tu 

ahsorntion  soectrophotometer. 
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5.2 

5.3 

5.4 


5.5 


5.6 

5.7 


5.8 


Me, cun  Hollo.  Cathode  Lamp:  Westinghouse  WL-22847  argon  filled. 

Record;:.  Any  muhi-range  vanable  speed  recorder  .ha,  ,s  compatible  ...h  the  U% 

"recT.^'nd'rd  spectrophotometer  celU  10  a.  long,  having t  quant  end 
window  ■  mav  be  used  Suitable  cells  may  be  constructed  from  plexiglass  tubing.  1  ■  _ 

v  4_J/-  The  end-  are  ground  perpendicular  to  the  longitudinal  axis  and  quartz 

win Cl-  diameter  X  1/16"  thickness!  are  cemented  in  place. 
noru  <a 'o  of  Plexiglas  but  1/4"  O.D.)  are  attached  approximately  1/2  from  each  end 
The  cel:  is  strapped  to  a  burner  for  support  and  aligned  >n  the  light  beam  to  give  the 

1  Two  r  X "“cards  with  one  inch  diameter  holes  may  be  placed  over  each  end 

ofthece'' to  assist  in  positioning  the  cell  for  maximum  transmittance. 

Air  Pump-  Any  peristaltic  pump  capable  of  delivering  1  liter  of  air  per  minute  may  be 
used^  AMast  erflex  pump  with  electronic  speed  control  has  been  found  to  be  satisfactory 
(Regulated  compressed  air  can  be  used  in  an  open  one-pass  system.) 

Flowme-er-  Capable  of  measuring  an  air  flow  ofl  liter  per  minute. 

Aeration  Tubing:  Tygon  tubing  is  used  for  passage  of  the  mercury  vapor  from  the  sampJe 
totle  ,c  the  ateorption  cell  and  return.  Straight  glass  tubing  tenmna.tng  m  a  coame 

porous  frit  is  used  for  sparging  air  into  the  sample.  ^vinrate  fSee 

Drying  Tube  6”  X  3/4"  d.ameter  tube  containing  20  g  of  magnesium  perchlorate  (See 

Note  3)  The  apparatus  is  assembled  as  shown  in  the  accompanying  diagram. 

NOTE  3:  In  place  of  the  magnesium  perchlorate  drying  tube,  a  sma  rea  jnjLan^ 

60W  bulb  may  be  used  to  prevent  condensation  of  moisture  msi  e  t  e  ce  . 
positioned  to  shine  on  the  absorption  cell  maintaining  the  air  temperature 
about  lFC  above  ambient. 

^Aqua  Regia:  Prepare  immediately  before  use  by  carefully  adding  three  volumes  of  cone. 

HC1  to  one  volume  of  cone.  HN03.  _ 

Sulfuri*  Arid  0  5  N  Dilute  14.0  ml  of  cone,  sulfuric  acid  to  1  liter. 

££££  Add  25  g  stannous  sulfate  to  250  m.  of  0.5  N  sulfuric  acid  (6.2).  This 

mixture  is  a  suspension  and  should  be  stirred  continuously  dunng  use. 

Sodium  Chloride-Hydroxylamine  Sulfate  Solution:  Dissolve  2  go  sod, urn  ehlonde 
and  12  g  of  hydroxy  lamine  sulfate  in  distilled  water  and  dilute  to  100  ml. 

NOTE  4:  A  109c  solution  of  stannous  chloride  may  be  substitute  r  . 
hydroxv, amine  hydrochloride  may  be  used  in  place  of  hydroxylamme  sutfa«m  (W 
Potassium  Permanganate:  592  solution,  w/v.  Dissolve  5  g  of  potass, urn  permanganate 

100  ml  of  distilled  water.  .  .  n _r  distilled 

Stock  Mercury  Solution:  Dissolve  0.1354  g  of  mercunc  ehlonde  ,n  75  m I  of  d 

water.  Add  10  ml  of  cone,  nitric  acid  and  adjust  the  volume  to  100.0  ml.  1.0  ml 

Wo"!-  Mercury  Solution:  Make  successive  dilutions  of  the  stock  -TO-**" 
(6  6)  toobtain  a  working  standard  containing  0. 1  ug/ml.  This »orkm,suntoni  »d  he 
dilution  of  the  stock  mercury  solutions  should  be  prepared  fresh  da.!,.  Actd„>  of  the 


6.2 

6.3 

6.4 


6.5 


6.6 


6.7 
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working  standard  should  be  maintained  at  0. 1 5%  nitric  acid.  This  acid  should  be  added 
to  the  flask  as  needed  before  the  addition  of  the  aliquot. 

7^' ^Transfer  0,  0  5.  1.0.  2.0.  5.0  and  10  ml  aliquots  of  the  working  mercury  solu.ion  (6.2) 
containing  0  to  1.0  ug  of  mercury  ,o  a  senes  of  300  ml  BOD  bonier.  Add  enough  d, soiled 
water  to  each  bottle  ,0  make  a  total  volume  of  10  ml.  Add  5  mi  *«■«  "*»  «•> 
heat  2  minuter  in  a  water  bath  at  95  C.  Allow  .he  sample  to  cool  and  add  50  ml  distilled 
water  and  15  ml  of  KMnO.  solution  (6.5)  to  each  bottle  and  return  to  the  wa  er  bath  for 
30  minuter.  Cool  and  add  6  ml  of  sodium  chloride-hydroxylamine  sulfate  solu.ton  (6  4) 

.0  reduce  the  excess  permanganate.  Add  50  ml  of  distilled  water.  Treating  oath  bo  tie 
individually,  add  5  ml  of  stannous  sulfate  solution  (6.3)  and  ’“mediately  aua 
bottle  to  the  aeration  apparatus.  At  this  point,  the  sample  is  allowed  to  stand  quiet  y 
without  manual  agitation.  The  circulating  pump,  which  has  prerroud)  *dJ" 
rate  of  1  liter  per  minute,  is  allowed  to  run  continuously.  The  absorbance,  as  exhibits 
cither  on  the  spectrophotometer  or  the  recorder,  will  increase  and  reach  maximum 
within  30  seconds.  As  soon  as  the  recorder  pen  levels  ofT,  approximately  1  minute,  open 
the  bypass  value  and  continue  the  aeration  until  the  absorbance  returns  to  its  minimum 
value  (See  Note  5).  Close  the  bypass  value,  remove  the  fritted  tubing  from  the  BOD 
bottle  and  continue  the  aeration.  Proceed  with  the  standards  and  construct  a  standard 
curve  by  plotting  peak  height  versus  micrograms  of  mercury. 

NOTE  5:  Because  of  the  toxic  nature  of  mercury  vapor  precaution  mus 

its  inhalation.  Therefore,  a  bypass  has  been  included  in  the  system  to .either  ven ^he 

mercury  vapor  into  an  exhaust  hood  or  pass  the  vapor  through  some  absorbing  med  . 

such  as: 

a)  equal  volumes  of  0.1  N  K-MnOa  and  10%  HvSOj 

b)  0.25%  iodine  in  a  3%  KI  solution. 

A  specially  treated  charcoal  that  will  absorb  mercury  vapor  ts  *>«  from 

Bamebey  and  Cheney,  E.  8th  Ave..  and  North  Cassidy  St.,  Columbus,  Ohio  3  . 

Cat.  #580-13  or  £580-22. 

g.T'weigh  triplicate  0.2  gportions  of  dry  sample  and  place  in  bottom  ofa  BOD £ 
ml  of  distilled  water  and  5  ml  of  aqua  regia  (6.1).  Heat  2  minutes  in  a  w  ter  bath  at! M  C 
Cool,  add  50  ml  distilled  water  and  15  ml  potassium  permanganate  solution  (6.5)  to  « 
sample  bottle.  Mix  thoroughly  and  place  in  the  water  bath  for  30  mtnu.es  a.  95  C  Ccm 
and  add  6  ml  of  sodium  chloride-hydroxylamine  sulfate  (6.  )  o 
permanganate.  Add  55  ml  of  distilled  water.  Treating  each  bottle  individually. 

Tf  stannous  sulfate  (6.3)  and  immediately  attach  the  bottle  to  the  aerat.on  appara 

Continue  as  described  under  (7.1).  this 

8.2  An  alternate  digestion  procedure  employing  an  autoclavemay  Iso* 

method  5  ml  of  cone.  H,SO.  and  2  ml  of  cone.  HNO,  are  added  toftaOJ  i°f  s^e.  5 
ml  of  saturated  KMnO.  solution  is  added  and  the  bottle  covered wtth  a  Pteceo 
aluminiun  foil.  The  samples  are  autoclaved  a,  12PC  and  .5  lbs.  or "“.0^ 
make  up  to  a  volume  of  100  ml  with  distilled  water  and  add  6  ml  of  sodium 
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hydroxylaminc  sulfate  solution  (6.4)  to  reduce  the  excess  permanganate.  Purge  the  dead 
air  space  and  continue  as  described  under  (7.1). 


).  Calculation  .  ,  ,  , 

9. 1  Measure  the  peak  height  of  the  unkno*  n  from  the  chan  and  read  the  mercury  value  fro  . . 

the  standard  curve. 

9.2  Calculate  the  mercury  concentration  in  the  sample  by  the  formula. 

vc  He  in  the  aliquot 
irgHg/g  =  v-j  of  the  aliquot  in  gms 

9  3  Report  mercury  concentrations  as  follows:  Below  0.1  ug/gm,  <0.1;  between  0.1  and  1 

„g/gm,  to  the  nearest  0.01  ug;  between  1  and  10  ug/gm,  to  nearest  0.1  ug;  above  10 

ug/gm,  to  nearest  ug. 

10.  Precision  and  Accuracy  .  . 

10  1  The  following  standard  deviations  on  replicate  sediment  samples  were  recorded  at  t 

indicated  levels;  0.29  ug/g  *0.02  and  0.82  ug/g  *0.03.  Recovery  of  mercury  at  these 
levels,  added  as  methyl  mercuric  chloride,  was  979c  and  949c .respectively. 
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SECTION  I 

ORGANIC  MATERIAL  IN  SOILS 
DEVELOPED  BY  UBTL,  JANUARY  1985 


ORGANIC  CARBON,  TOTAL 
Method  415.1  (Combustion  or  Oxidation) 

STORET  NO.  Total  00680 
Dissolved  00681 


1.  Scope  and  Application  ...  ... 

1  1  This  method  includes  the  measurement  of  organic  carbon  in  drinking,  surface  and  saline 
waters,  domestic  and  industrial  wastes.  Exclusions  are  noted  under  Definitions  and 

Interferences. 

1 .2  The  method  is  most  applicable  to  measurement  of  organic  carbon  above  1  mg/1 . 

2.  Summary  of  Method 

2. 1  Organic  carbon  in  a  sample  is  converted  to  carbon  dioxide  (C02)  by  catalytic  combustion 
or  wet  chemical  oxidation.  The  C02  formed  can  be  measured  directly  by  an  infrared 
detector  or  converted  to  methane  (CH4)  and  measured  by  a  flame  ionization  detector. 
The  amount  of  CO;  or  CH4  is  directly  proportional  to  the  concentration  of  carbonaceous 

material  in  the  sample. 

3.  Definitions  . 

3.1  The  carbonaceous  analyzer  measures  all  of  the  carbon  in  a  sample.  Because  of  various 

properties  of  carbon-containing  compounds  in  liquid  samples,  preliminary  treatment  of 
the  sample  prior  to  analysis  dictates  the  definition  of  the  carbon  as  it  is  measured.  Forms 
of  carbon  that  are  measured  by  the  method  are: 

A)  soluble,  nonvolatile  organic  carbon;  for  instance,  natural  sugars. 

B)  soluble,  volatile  organic  carbon;  for  instance,  mercaptans. 

C)  insoluble,  partially  volatile  carbon;  for  instance,  oils. 

D)  insoluble,  particulate  carbonaceous  materials,  for  instance;  cellulose  fibers. 

E)  soluble  or  insoluble  carbonaceous  materials  adsorbed  or  entrapped  on  insoluble 
inorganic  suspended  matter;  for  instance,  oily  matter  adsorbed  on  silt  particles. 

3.2  The  final  usefulness  of  the  carbon  measurement  is  in  assessing  the  potential  oxygen¬ 
demanding  load  of  organic  material  on  a  receiving  stream.  This  statement  applies 
whether  the  carbon  measurement  is  made  on  a  sewage  plant  effluent,  industrial  waste,  or 
on  water  taken  directly  from  the  stream.  In  this  light,  carbonate  and  bicarbonate  carbon 
are  not  a  part  of  the  oxygen  demand  in  the  stream  and  therefore  should  be  discounted  m 
the  final  calculation  or  removed  prior  to  analysis.  The  manner  of  preliminary  treatment 
of  the  sample  and  instrument  settings  defines  the  types  of  carbon  which  are  measured. 
Instrument  manufacturer’s  instructions  should  be  followed. 
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4.  Sample  Handling  and  Preservation 

4.1  Sampling  and  storage  of  samples  in  glass  bottles  is  preferable.  Sampling  and  storage  m 
plastic  bottles  such  as  conventional  polyethylene  and  cubitainers  is  permissible  if  it  is 
established  that  the  containers  do  not  contribute  contaminating  organics  to  the  samples. 
NOTE  I:  A  brief  study  performed  in  the  EPA  Laboratory  indicated  that  distilled  water 
stored  in  new,  one  quart  cubitainers  did  not  show  any  increase  in  organic  carbon  after 
two  weeks  exposure. 

4.2  Because  of  the  possibility  of  oxidation  or  bacterial  decomposition  of  some  components  of 
aqueous  samples,  the  lapse  of  time  between  collection  of  samples  and  start  of  analysis 
should  be  kept  to  a  minimum.  Also,  samples  should  be  kept  cool  (4*Q  and  protected 
from  sunlight  and  atmospheric  oxygen. 

4.3  In  instances  where  analysis  cannot  be  performed  within  two  hours  (2  hours)  from  time  of 
sampling,  the  sample  is  acidified  (pH  <  2)  with  HC1  or  H2S04. 

5.  Interferences 

5. 1  Carbonate  and  bicarbonate  carbon  represent  an  interference  under  the  terms  of  this  test 
and  must  be  removed  or  accounted  for  in  the  final  calculation. 

5.2  This  procedure  is  applicable  only  to  homogeneous  samples  which  can  be  injected  into  the 
apparatus  reproducibly  by  means  of  a  microliter  type  syringe  or  pipette.  The  openings  of 
the  syringe  or  pipette  limit  the  maximum  size  of  particles  which  may  be  included  in  the 
sample. 

6.  Apparatus 

6.1  Apparatus  for  blending  or  homogenizing  samples:  Generally,  a  Waring-type  blender  is 
satisfactory. 

6.2  Apparatus  for  total  and  dissolved  organic  carbon: 

6.2.1  A  number  of  companies  manufacture  systems  for  measuring  carbonaceous 
material  in  liquid  samples.  Considerations  should  be  made  as  to  the  types  of 
samples  to  be  analyzed,  the  expected  concentration  range,  and  forms  of  carbon  to 
be  measured. 

6.2.2  No  specific  analyzer  is  recommended  as  superior. 

7.  Reagents  . . . 

7. 1  Distilled  water  used  in  preparation  of  standards  and  for  dilution  of  samples  should  oe 
ultra  pure  to  reduce  the  carbon  concentration  of  the  blank.  Carbon  dioxide-free,  double 
distilled  water  is  recommended.  Ion  exchanged  waters  are  not  recommended  because  of 
the  possibilities  of  contamination  with  organic  materials  from  the  resins. 

7.2  Potassium  hydrogen  phthalate,  stock  solution,  1000  mg  carbon/Uter:  Dissolve  0.2128  g 
of  potassium  hydrogen  phthalate  (Primary  Standard  Grade)  in  distilled  water  and  dilute 

to  100.0  ml. 

NOTE  2:  Sodium  oxalate  and  acetic  acid  are  not  recommended  as  stock  solutions. 

7.3  Potassium  hydrogen  phthalate,  standard  solutions:  Prepare  standard  solutions  from  the 
stock  solution  by  dilution  with  distilled  water. 

7.4  Carbonate-bicarbonate,  stock  solution,  1000  mg  carbon/liter:  Weigh  0.3500  g  of  sodium 
bicarbonate  and  0.4418  g  of  sodium  carbonate  and  transfer  both  to  the  same  100  ml 
volumetric  flask.  Dissolve  with  distilled  water. 
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7.5  Carbonate-bicarbonate,  standard  solution:  Prepare  a  series  of  standards  similar  to  step 
7.3. 

NOTE  3:  This  standard  is  not  required  by  some  instruments. 

7.6  Blank  solution:  Use  the  same  distilled  water  (or  similar  quality  water)  used  for  the 
preparation  of  the  standard  solutions. 

8  rrtnow  instrument  manufacturer's  instructions  for  calibration,  procedure,  and 

8.2  ^^calibration  of  the  instrument,  it  is  recommended  that  a  series  of  standards 
encompassing  the  expected  concentration  range  of  the  samples  be  used. 

9.  Precis^onandAoju  -n  twenty^ne  laboratories  analyzed  distilled  water  solutions 

containing  exact  increments  of  oxidizable  organic  compounds,  with  the  following  resul  s. 


Increment  as 
TOC 
mg/liter 


Precision  as 
Standard  Deviation 
TOC,  mg/liter 


Accuracy  as 


+  15.27 
+  1.01 


Bias, 

mg/liter 

+0.75 
+  1.08 


(FWPCA  Method  Study  3,  Demand  Analyses) 
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